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PREFACE

This document contains the proceedings of the Third NASA Workshop on Wiring for Space Applications held at

NASA Lewis Research Center (LeRC), Cleveland, Ohio, July 18-19, 1995. The workshop was sponsored by

NASA Headquarters/Code XS Office of Space Access and Technology, Spacecraft Systems Division and hosted by

the NASA LeRC Power Technology Division, Electrical Components and Systems Branch. The workshop

addressed key technology issues in the field of electrical power wiring for sp__e applications, and served as a vehicle

: for the transfer of information and technologies related to space wiring for use in government and commercial ,

applications.

Overview and test results of the ongoing NASA space wiring program as well as related programs from other

agencies were presented. In addition, this workshop provided a forum in which government and industry

representatives were able to discuss issues relating to arc _racking phenomena, advancements in insulation materials

and constructions, and new system topologies. The objective of these efforts is to enhance the safety and improve

the reliability of space missions, and military and commercial aircraft applications.

The workshop chairmen express their appreciation to the session organizers, speakers, and participants, whose efforts

contributed to the technical success of this event. Th_/,_ _._ also due to Ms. Billie Hurt, Ms. Barbara Coles, and

Ms. Audrey Gurski for their relentless efforts in providing a weli prepared and very efficient and organized workshop.

Workshop Chairmen:

._mnadN. Hammoud '_
Mark W. Stavnes
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THIRD NASA WORKSHOP ON WIRING FOR SPACE APPLICATIONS

SUMMARY

The Third NASA Workshopon Wiring for Space Applicationswas held at NASA Lewis Research Center,

Cleveland, Ohio, July 18-19, 1995. The workshopwas sponsoredby NASA Headquarters,Code XS, Office of

Space Access andTechnology,SpacecraftSystems Divisionandhostedby theNASA LeRCPower Technology

Division, ElectricalComponentsandSystemsBranch. The workshopaddressedkey technologyanddevelopment

issuespertainingtoelectricalpvwer wiringforspace-basedapplications.

The workshopwasorganizedliito threesessions. SessionIprovidedoverviewsof variousorganizationsthat support

programspertaining to wiringsystems. A detailedoverviewof the NASAOffice of SpaceAccess andTechnology

organization,structure,charter,andoperatingplans was given. The NASAWiringforSpaceApplicationsProgram

with the goal of providinga technology base for the d_,velopmentof lightweight,arc track-resistantand reliable

wiring systems foraerospaceapplications was also presented. Otherprogrammaticpresentations that were madv

included the InternationalSpace Station wiringsystem; the U.S. AirForceeffortsto developreliable, lightweight

wire insulation system for the aircraftenviror,ment; the EuropeanSpace Agency programto understand the arc
I

tracking phenomenonand develop detectiontechniquesandqu_ify wiringconstructionsfor the Columbus module.

The FederalAviation Administrationas well as the Naval Air WarfareCenterprogramson wiringfailures, testing

techniques,andeffortsin regardtowiring:est standardizationand.lualificationwerealsodiscussedin this section.

SessionITfocusedon the resultsof thewirin_testsperformedbynumerousorganizationsto addressNASA andother

unique testing requirements. Experimental investigations on the effect of space environmental stresses on the

performanceof electricalwiring werepresentedanddiscussed. Theseincludedexposureto atomicoxygen, vacuum,

ultraviolet radiation, and high temperature. Electrical,mechanical,physical, andchemical propertieswere among

those investigatedas a functionof singularandmulti-stresstest conditions. The effect of microgravityon the arc

trackingbehaviorof severalwiringconstructionswas also presentedanddiscussed.A presentationwas also madeon

the new hybrid wiringconstruction(Tensolite),whichwas reportedto be usedbyBoeingCommercialAircrafton its

700-Seriesfleet.

Arc track testing techniques, soft-faultdetection, and aging mechanismsconstitutedsome of the issues that were

discussed in Session III. Presentations were also given by industry representatives on the state of the art

developmentin the areas of high temperature,high performance,arctrackresistantwiringinsulationanddielectrics

foraerospaceapplications.These includedsolid andliquidpolymersas wellasmetal-cladfibermaterial. The effect ..

of the wiringsystemsdesignon electromagneticinterferenceandcontrol wasalso discussed.

t
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! The workshop was attended by approximately 50 individuals, from the United States and Germany, comprising

government, aerospace industry, wiring manufacturers, and academia. A list of the attendees and the workshop

agenda are included in these proceedings.

A discussion session was held at the conclusion of the workshop with the participation of most of the attendees.

The general consensus indicated that the workshop was highly successful and futurecollaboration and coordination of

efforts for the development of safe and reliable wiring systems for aerospace applications should be maintained. It

was also concluded that:

i 1. Arc tracking in wiring systems is still a serious problem. Sometimes its failure can

: be catastrophic.

2. A definite need exists for the estabfishment of a standard test method taking into

account the various operation environments.

3. Advanced circuit protection techniques and methodologies against arc tracking should

be investigated and developed.

4. Key areas in ¢/iring system design, installation and maintenance which improve the

i safety and reliability of space missions needto be. identified. [

t 5. Newly-developed insuladop and wiring system configurations should be explored for
[

•1 suitability in NASA, military, and commercial flight applications.

"i 6. Collaboration with the Department of Defense, Federal Aviation Administration,
q

"I European SpaceAgency, aerospace industry, and other organizations is essential.

At present, plans to hold the Fourth NASA Workshop on Wiring for Space Applications have not been set. .,

Announcements and detailed information will be furnished in the near future.

(

I The organizers once again express their appreciation to the volunteers, speakers, and participants in making this T
' ti

I workshop a very interesting and successful event. The support of NASA Headquarters, Mr. Norman Schulze (Code :
" XS), and Dr. Dan Mulville (Code QW) for this program is gratefully acknowledged.

.i

!

viii _ '
[

1986109911-007



i

THIRD NASA WORKSHOP ON WIRING FOR SPACE APPLICATIONS

agtnda
i

July 18- 19, 1995 i
NASA Lewis Research Center

NASA Administration Building (Bldg. No. 3)
Auditorium

Tuesday, july 18

Session I: ORGANIZATIONS AND PROGRAMS

rime _ _

8:15 - 8:45 Registration
_Y

8:45 - 9:00 Opening Remarks A. Hammoud NASA/NYMA

9:00 - 9:30 NASA Wiring Program - An Overview N. Schulze NASA/I-IQ

9:30 - 10:00 International Space Statior. Wiring Program T. May NASA/JSC

10:00 - 10:15 Air Force Wiring Program G. Slenski Wright Lab/WPAFB

10:15 - 10:30 Break

10:30 - 11:00 ESA Wiring Program H. Reher DASA/ERNO

11:00 - 11:30 FAA Wiring Prograrn P. Cahill F_,A

11:30- 12:00 NAVAIR Aircraft Wiring Program R. Beach NAWC

12:00- 1:00 Lunch

Session II: WIRING TEST RESULTS
i

Time _ _ Organibation i
; !

1:00 - 2:00 NASA Wiring Program - Test Results M. Stavnes NASA/NYMA

2:00 - 2:30 Comparison of Arc Tracking Test in Various T. Stueber NASA/NYMA
Aerospace Environments • i

2:30 - 3:00 Break

3:00 - 4:00 Arc Tracking of Cables For Space Applications J. Hanson U. of Darmstadt
b

4:00 - 4:30 Tour

ix

F

1986109911-008



THIRD NASA WORKSHOP ON WIRING FOR SPACE APPLICATIONS

A_enda •

July 18- 19, 1995
NASA Lewis Research Center

NASA Administration Building (Bldg. No. 3)
Auditorium

Wednesday, July 19

Session Eli: INSULATION AND SYSTEM TECHNOLOGIES

Time _ _

8:15 - 8:45 Tufflite 2000 Insulation System J. Beatty Tensolite

8:45 - 9:15 NAVAIR Arc,Track Testing R. Beach NAWC

9:15 - 9:45 Feature Extraction of Arc Tracking J. Atria U. of Prairie View
Phenomenon

9:45 - 10:15 Accelerated Aging of Aerospace Wire W. Dunbar Boeing/Consultant
Insulation Constructions

10:15 - 10:45 Robust 300"C Wire Insulation System W. Wong TRW

10:45 - 11:15 Metal Clad Ammid Fibers For Aerospace E. Tokarsky DuPont
Wire and Cable

11:15 - 11:45 Evaluation of FIT Polymers For Aerospace K. Jayamj Foster Miller
Wiring

11:45 - 12:15 New Wiring Insulation R. Haghighat Triton Systems

12:15 - 12:30 Wiring Design for the Control of EMI G. Kopasakis NASA/LeRC
Interference

12:30- 1:30 Lunch

1:30 - 2:30 Discussions R. Cull NASA/LeRC

I
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NASA WIRING FOR SPACE APPLICATIONS PROGRAM

Norman Schulze

Office of Space Acc,._s and Technology
Spacecraft Systems Division

NASA Headquarters
Washington, DC

NASA Code XS Overview

• ORGANIZATION

• CHARTER

• PROGRAMS

!

NASA Strate ic Plan

• Enterprises
- Aeronautics
- Mission to Planet Earth

- Space Science
- x[uman Exploration
-.Space Technology

• Function
- Communications
- Human Resources

- Physical Resources

_ 3
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Mission

Pioneer,WithIndustry,the Developmentand Use of
Space Technologyto SecureNationalEconomic

Competitiveness,PromoteIndustrialGrowthand to
SupportSp_ce Missions

Space Technology Enterprise Goals
lira

1. Reduce the Cost of Access to Space

• Reusable Launch Vehicle

• ExpendableLaunch Vehicle
• Ia-Space Transportation

2. Provide Innovative Technologies to Etu.tble

Ambitious, Future Space Missions (ITP)

• SpacecraftSystems (Power,Propulsion,Structures, etc.)
• InstrumentTechnologies

" • Operations

3. Build Capabilit3' in the U. S. Space lndustr3:

___ Through Focused Space Technology Efforts
• Communications
• Remote Sensing
• SpaceProcessing

4. Share the Hamest of Space Technology with the

U.S. Industrial Communi_'

• Technology Transfer - "Agenda for Change" (New Way of
Doing Business)

1986109911-012



Operating Principles !

• Meet the Customers Needs

• Work With Industry

• Reduce the Cost of Access to Space

• Commercialization of Space Is Essential to NASA

• Commercialization and Technology Transfer Is Everybody's Job

• Consider Commercialization atTechnology ProgramInitiation

• Effectively Use Space Station

New Plateaus of Technical Capability

Mission Enhancement

,, , Competitiveness

New Products & Services

' 5
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OFFICE OF SPACE ACCESS AND TECHNOLOGY

Foundation for Future Missions

High Performance, Low Cost Science and Commercial Missions

r.4mm.m_d b.lk

Jm

/---/ \---\
I----I \----_\
i' '/ Newt_ulon _ ._____

I _*_--,,-- I _ v,,_.__._ . \
I o_ _ ___,,--.\ .
I _.-_-_-, I __.-,_ ...

' / Smoll Spmecroft and Technology Progrom /

6
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NEW MILLENNIUM! ESSP

CHALLENGES

• Replace large, multi-instrument spacecraft with
multiple small single instrument "sciencecraft"
- Change focus from "instruments on a spacecraft" to

"theInstrumentisthespacecraft"

• Return information, not data

• Wide, unconstrained interaction with users and
information distribution to users

• Low initial cost, low operations cost

Small Spacecraft Tech Initiative

• Lewis • Clark

- Olyloacis - Plyloads

• Hyper Spectbml(30M, 3M Bands) • 3-meter panehromU© (world

• UV cosmic meuurement vknv)

• Cloud detectlontedltlng • C ) clat_tlon In atmosphere
• RoomtimiD.X-Raydetw.-tom

- 20TechnologyOemonztr_lona
- M Technology OemonsWdiona

• Inl_,grmclThsrmel_urel
Design . Aclvsfloecllittliucle control

• Advanced _ :wet concepts , Advanced photovoltaie concepts

.. Autonomous ,on-orbit malnlmMnus . Advanced power management
and distribution

• Advanced C&DH and data bus
arch. • On-board processing

• Data compre_lon • No shock mlaase devices ;b

7
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MISSION CAPABILITIF_
f k,

System Test, Launch [ r._,_-_ ,-_m_._Lr_-I
& Operations

s_en_subs_em I ADVANCEr"1 ''''m'mmDe,mloprnent

CORPORATE NASA R&D

Technology
Demonstration

FOCUSED
TECHNOLOGY

Technology
Development

_,,,,,¢hto_o,o Increasing
F.easiblllb/ EXPLORATORY

DEVELOP_._'r Technological
e._or_,,,_,_ Readiness
Research

1986109911-016



TECHNOLOGY ENTERPRISESTATUS i
• ' III I III

Access to Space
• National Space Transportation Policy Issued, NASA Implementation Plan Apl_mved by OSTP &

" OMB

• Cooperative _ .ments for X-33 & X-34 Signed With Industrial Partners
• 2000 Hour Ground Test of lon Flight Experiment Prototype Thruster Successfully Completed

Innovative Technoloeies

• Parallel Contracts for SSTI Awarded, spacecraft construction started, launch date established and
launch velfide selection completed. "

• New Millennium Spacecraft Technology Program Defined With Codes S & Y

• Mars Pathfinder Micro-Rover Fabrication Nearing Completion _

Space Applications
• ACTS Fully Operational

• Commercial Remote Sensing Program Has Leveraged $38.5M of Industry Funding, and Led to the
Creation of 25 New Products, Over 140 New Jobs, and Revenues Exceeding $66M and Is Developing
Hyperspectral Capability Which Will Enable Movement Into New Markets

• Starling Large Animal Trials on Diabetes Treatment, Based on in-Space Developed Technology of
Microencapsulation

Technology Transfer

• Agenda for Change Plan Approved, Agency-Wide Team Established, Performance Measurement Metrics
Collected, and Technology Transfer Principle Added to NASA Strategic Plan

t

t+

S UMMAR Y IMPLEMENTATION STRA TE G Y!

• Develop Technology in Cooperation With and Responsive to User
• Requirements, With Upfront Consideration of Dual Use

+ • Proactively Transfer Technology to NASA Missions, Other Agencies .
and Aerospace and Non-Aerospace Industries

k

9
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Background
SPACE MISSIONS WITH ELECTRICAL WIRING SYSTEM FAILURE

Mission Cause Result

Gemini8 ElectricalWiring ShortenedMission- ;l_Short NearLossof Crew

iApollo204 DamagedInsulation, Fire, 3 AstronautsLost
ElectricalSpark, 1.00.°/oC_

Apollo13 DamagedInsulation/Short OxygenTankExplosion,
Cimuit/RawedDesign MissionIncomplete

STS - 6 Abrasionof Insulation/Am Wire InsulationPyrolysis I_
Tracking .... 6 ConductorsMelted tDamagedIn,,;ulation/Arc TeleprinterCable

STS - 28 Tracking InsulationPyrolysis

WrongConnection,Wiring WiringInsulationPyrolysis- lMagellan
Short GroundProcessing !1

Wiring InsulationPyrolysis
Spacelab DamagsdInsulation/ArcTracking DuringMaintenance l[[

-li
Delta Mechanicalor Electrochemical Lossof Vehicle 1178/GOES-G InsulationDamage

1

- Olympus ElectricalWiringShort Lossof SolarArray I
ESA

" NASA Wiring for Space Applications Program

Improve safety, performance, and reliability of wiring systems for
space applications

l"

- Develop improvedwiring technologies for NASA flight programs
and commercialapplications

10

?
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ELECTRICALPOWER WIRING PROGRAM

GOAL: TO PROVIDE A TECHNOLCGY BASE FOR THE DEVELOPMENT OF

LIGHTWEIGHT, ARC TRACK-RESISTANT AND RELIABLE WIRING
SYSTEMS FOR AEROSPACE APPUCATIONS.

APPROACH

* IDENTIFYMISSION REQUIREMENTSAND APPMCATION ENVIRONMENTS
* EVALUATEPOTENTIALWIRING SYSTEMSAND ESTABLISHA DATABASE
* INVESTIGATEADVANCEDTECHNOLOGIESFIELEVANTTO WIRING FAILURE

PREVENTION,DETECTION,ANDISOLATION.
• ESTABLISHGUIDEUNESAND RECOMMEN£,_TIONS

TECHNOLOGICAL DEVELOPMENTS

• NEW INSUtJ_TINGMATEFJALS

* NEWWIRING CONSTRUCTIONS

• IMPROVED SYSTEM DESIGN

ADVANCEDCIRCUIT PROTEC'I'ION

APPMCATIONS

• PRESSURIZEDMODULES
• TRANS-ATMOSPHERICVEHICLES
• LEO/GEOENVIRONMENTS

• LUNARAND MARTIANENVIRONMENTS

11

i .
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NASA Wiring for Space Applications Program

'91 '92 '93 '94 '95 '96

NASA APPLICATIONS REQUIREMENTS

. First NASA Workshop !A
- Interhn Report •

INSULATION TESTING & ANALYSIS ,,i,

- l(knti_¢_tc wi_ •
- Second NASA Workshop •
- ThirdNASA Workshop •

.. - Complete Wk¢ Testing •
- Testing Report •

WIIUNG SYSTEM TECHNOLOGY ,t._:....

- ImproveQualityControl •
- Advanced Circuit Protection

l

NASA WIRING RF_MMBNDATIONS
A

- IssueFinalReport

• ACCOMPLISHMENTS:

First Workshop, July 1991:

• Wiring system operationalexperience
• NASA wiring requirements
• Whe manufacturing technologies

Proc_: "Fir_ NASAWorkslaopom_girimgforSpaceApplications",NASACP.1II&5,July,1994

" Interim Report, June 1993:

• NASA spacecraftenvironments
• NASA unique testing requirements
• Related wiring programs

Report: "OlmmUcmalhvir,mmm_ forElectricalPow_ WIrlagea NASA_mlcr_t", NASATM-I_ Juae1994

Second Workshop, July 1993:

• Programoverviews: NASA, AF, NAWC, ESA
_, * Space wiring failures '*

• Candidate wiring constructions
• New wiring insulation
• Test methodology and standardization

Proccedlalis:"SeeevdNASAWorkshepan Wirlmgfor SpaceApplkaUem",NASACP.&M4,October,199"3

12
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NASA Wiring for Space Applications Program

• R & D PROGRAMS:

- System design - Protection techniques

- Candidatewiringconsu'uctions - Qualityconffol

- New insulatingmaterials

{

• ORGANIZATIONS:

NASA ESA

DOD laboratories Academia

FAA Technicalcommittees

AerospaceIndustry

13

i
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NASA Wiring for Space Applications Program

• ACTIVITIES:

Third Workshop, July 1995:

• Programstatus: NASA, AF, NAWC, FAA, ESA
• Wiring test results
• Advancements in materialsand constructions
• New system topologies

- Final Report, 1996:

• Comprehensive test results
• Recommendationsand guidelines

TransferTechnology to NASA Flight Programs and AerospaceIndustry

• CONCLUSIONS:

Wiring systemfailures in spaceand commercial applicationshave shownthe
need for arc trackresistant wiring constructions

J
Preliminarydata indicatesthe performanceof the Tensofite andFilotex
hybrid constructionsare the best of the variouscandidates

One constructionwill be recommendedaftercomprehensive evaluationand
:-xtalysisof all testing data

Detailed presentationsof the test efforts and resultsto date w_dfollow

19
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Wiring Workshop Charge

Determinc next steps for:

- sic wiring
- new wiring advances
- circuit protection
- improvement in quality control measures

t
t

20
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INTERNATIONAL SPACE STATION WIRE PROGRAM NO6- 17079

Todd May
NASA Lyndon B. Johnson Space Center

Houston, Texas

.. Agenda

• Introduction

• Hardware Provider Wire Systems

-j

• Current Wire Insulation Issues

4, SiliconeWireContamination

4, TefzelColdTemperatureRexibility

4, RussianPolyimideWireInsulation

• Conclusion

Hardware Provider Wire Systems

TFE ETFE Silicone ! Poly/n/de Teflon/
(Teflon) (Tefzel) _ (Kapton) Kapton/
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ISS Wire Insulation Issues

• Silicone wire contamination

• McDonm011Douglas bsselined silicone wire for truss power applications
because of its flexibility

• Wire passes JSC-SP-R-O022(ASTM E 595) thermal vacuum stability
testing requirements

• At elevatedcure (24hr. @400_
• TML = .123
• CVCM =.018

• Dueto large usage(lX106 cm2.)matedal significantlyfails integated
outgessing depositionrate requirements(MOLFLUX)

• RequiredRate <= 1X10"14g/cm_/s
• CalculatedRate = 2XI(Y" g/cm2/s

• PG-1has developed Project Directive#130 to limit use of silicone wire
for ISS applications

• Current plan is to use Tefzel wire with splicedsilicone pigtails
• SplicingdesignunderevaluaUon
41, ISS Programrequirementsforsplicingbeingestablished

SSQ 21652 Silicone Wire
Outgassing Results
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ISS Wire Insulation Issues (cont.)

• I o i _ • • i i_

Silicone Silicone i Tefzei Siikone
_ (baked) [ (wrapped)

Measured 25C dep. 6J)E-10 8J)E-ll - [ 8J)E-12 3J)E-13
•rate (g/_)
@measurementfine 10 77 I110 87
_r.) I
View factor to QCM _ _ i _
Ou_&_ng _ I_E-9 13E-10 i 13E-11 5_E-13
_sec) [

To_ cablearea 1.1E6 1JE6 i 1JE6 1.1E6
amn_ (cm2)
Avg.dep.on ATCS 9_E-12 ] 12E-12 12E-13 45E-15
_dmtor _cndsec) IDep.on aHached 2_E-1I ,2_E-12 2_E-13 _1E-14 ::

[p.ay_load _c_) ! .....
Source:JSC_WM. Ped_

• Tefzel cold temperature flexibility
• Tefzel Imown to have less flexibilitythan silicone wire at room

temperature, howeversilicone has Tg at approx -110C

• Recent thermal vacuum tests revealed that at very cold temperatures
(-IOOF),astronauts could not manipulatetest wire harnesses

• "Freezes"incooling/conditioningposition
• No "memory"whenheatedbackto roomtemperature

• McDonnell Douglas parametricstudies

• More parametricstudies planned(function of temperature)

• STS 72 flight experiment planned
• 9 configurationsof siliconeandTefzel wire
• -60F to -80F
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ISSWire InsulationIssues(cont.)

Power Cable Cold Bend Tests
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ISS Wire Insulation Issues (cont.)
l

• Russians revealed February 1995 that they intend extensive use of
polyimide wire

• Russian polyimide wire testing at WSTF for arc-tracking
• StandardNHB8060.1Test18

200VAC
• Nonstandardtasting(DC)

@ 5 to120V,9to300A
• Russian comments to NHB 8060.1 Test Methods

• WhyACforDCsystems? ,*
• Wirecuttingtechnique
i Arc iniUationmethod(inducedfailure)

• Russian circuit protection philosophy
• Physicalseparationof +/-wires
• Roaringground
• Quick-blowfuses

• Russian wire characteristics
• 48 Extrudedlayers(1.5_ aa.)
• Smallgagesonly(<=20gauge)

SSQ Status

Spec. 2Yde Insulation Remarks
Number Materials

SSQ21652 Wire and Cable, Electric, Silicone
Siicone-lnsulated, Nkkei !
Coated Cu or Cu AHoy,
General Specmcaflon for I

SSQ 21653 Cable, Coaxial, 13vhtaxial,and Teflon(TFE)
Triaxial,Flexible and Teflon (FEP) 1:
Sem_k], General -_.
Specification for "_,

SSQ 21654 Cable, Shtgle Fiber, Fiber Optic
Muifimode,S pace Quality,
General Specificationfor

SSQ 21655 Cable, E_ MIL-STD. Teflon (TFE)
1553 Data Bus, Space Quality, Teflon(FEP)
General Spedlkation for

SSQ 21656 Wire and Cable, Electric, Teflon (TFE)
Fiuoro_lymer-lasulated, Teflon (FEP)

- Nickel Coated Cu or Cu AUoy, Tefzel (ETFE)
Gencrai Specification for

t
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Conclusion

• ISS is a complex program with hardware developed and managed
by many cour_ries and lOOsof contractors

• Most of the obvious wire insulation issues am known by
contractors and have been precluded by proper selection

• New issues will continue to arise as Program progresses

• We'll keep charging the windmills until they m all defeated

26
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N96-17080
LIFE PREDICTION OF AGING AIRCRAFT WIRING SYSTEMS

- George Slenski
U.S. Air Force

Wright Patterson Air Force Base, Ohio

LIFE PREDICTION OF AGING AIRCRAFT WIRING

PROGRAM GOAL
,)

Develop a Computerized Life Prediction Model Capable of Identifying

Present Aging Progress and Predicting End of Life for the Wire

SPECIFIC PHASE I OBJECTIVES

A. Identify Critical Aircraft Wiring Properties

B. Relate Most Common Failures Identified to Wire Mechanism Causing Failure
l

C. Assess Wiring Requirements, Materials & Stress Environment for Fighter Aircraft

D. Pemoustrate Feuslbility of a Time - Temperature - Environment Model

,I

LIFE PREDICTION OF AGING AIRCRAFT WIRING SYSTEMS

SUMMARY OF PHASE I PROGRAM TASKS

1. Identify critical aircraft wiring failure mechanisms

II. Relate most common failures (identified in Task I) to the wire mechanism causing failure

II1. Select fighter aircraft for assessing wiring requirements, materials and overall
stress environments

IV. Demonstrate that a time-temperature-environment (stress, fluids etc.) model can be _"
developed

27 t
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LIFE PREDICTION OF AGING AIRCRAFT WIRING SYSTEMS

SUMMARY OF ACCOMPLI_;HMENTS TO-DATE

• Visits made to Tyndall, Eglin and Warner Robbins AF Bases to
• . Interview AF maintenance personnel

Gather wiring degradation and failure data based on field activity

• Comprehensive effort to identify failure mechanisms of Kapton insulation based on current
knowledge base

Analyze tab run data
Interview Air Force maintenance personnel.

Chaffing appears to be the predominant failure mode, followed by insulation cracking and
topcoatflaking�cablejacketdelamination,

• Site visit made to Davis Monthan AFB in Tucson, AZ to
Inspect F-IS and F-16 aircraft predominantly deployed in relatively dry
conditions, coastal areas and mixed climate
Examine field records

Draw representative wire and harness samples from landing gear, avionics bay
and other appropriate areas for in-house experimental observations and analysis.

Table 1: Wiring Problem Areas Per Narrative Provided By Maintenance Personoel

COt_ NKU'TOK ' ' w IItJ_ | $ PRTrrll_ TAP t': GROMMKT RKL.AYIBWl I.t_HULU

• _CRA 't_r'iltLuo....... T_ CONTACTS SlP,OKWK,OO_ C_HOR_I'FJ) -ii -

=,, :_,i,m........_'n_x---_--_-Vt'4W'-''le_*ZltT'-'3T't_tT'-"3T_'4tV'-'---'e_ ....I...........-O'-....

Table II: Wiring Problem Areas Per H-MAL Codes

Aircraft How-Mal Description of Percent
Code How.Mal Code Problems

F-15 105 Loose/Damaged 33
799 No Defects 22

•) 070 Broken 12
I 020 Chaffed 1l

450 Open 3
615 Short 3
730 Loose 3
750 Missing 2.5
800 No Defect 2.5
242 Failed to Open 2

F-16 I05 Loose/Damaged 28
070 Broken 21
020 Chaffed I0
242 Failed to Operate 8
615 Short 4
127 Improper Adjustment 3 .,
884 Broken Lead 3
127 Improper Adjustment 3
255 IncorrectOutput 2
450 Open 2

28
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LIFE PREDICTION OF AGING AIRCRAFT WIRING SYSTEMS

AIRCRAFT INSPECTED AT DAVIS MONTHAN AFB

A'CRAFT DELIVEKY RETIRED TOTAL CHRONOLOGY TOTAL MONTHS
TYPE & DATE DATE FLIGHT WET DRY
TAlL NO. HOURS

74.127 JULY'76 MAY'92 3045 Langley, VA: II0 Mo 0 190
Eglin, FL: 22 Mo.
Hiekham, HI: 36 Mo.
Korea: 22 Mo.

74-128 JULY'76 MAR'92 3215 Luke, AZ: 117 Mo. 117 72
Dobbins, GA & Warner-
Robbins,GA: 72Mo.

74-135 JULY'76 APR'92 3429 Unknown: 41 Mo 96 55
Luke, AZ: "3 Mo.
Elmend_,rf, "_: 23 Mo.
Hickham, HI: 40Mo.
Korea: 15 Mo.

75-034 OCT'76 JAN'94 3"_98 Langley, VA: 57 Mo 0 207
Eglin, FL: 36 Mo.
TynOalI,FL: 114 Mo.

AIRCRAFT _NSPECTED AT DAVIS MONTHAN AFB

A'CRAF'r DELIVERY RETIRED TOTAL CHRONOLOGY TOTAL MONTHS

TYPE & DATE DATE FLIGHT WET DRY iTAIL NO. HOURS

!

78-007 MAY'79 SEPT'94 3517 Hill, L_I': 45 Mo 177 0
Luke, AZ: 30 Mo.
HilI,UT: 23 Mo.
Luke, AZ: 23 Mo.
HilI,UT: 49 MO.

79-353 DEC.'80 AUG.'93 2652 blcDill, FL: 152 Mo. 152

79-355 DEC.'80 AUG.'93 3145 McDilI, FL: 54 Mo. 96 54
Hill, UT: 96 MO.

79-359 DEC.'80 AUG.'94 3271 Hill, FL: 42 Mo. 102 60
MeDilI, UT: 60 MO.
Hill, UT I Tinker,
OK: 96 Mo.
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LIFE PREDICTION OF AGING AIRCRAFT WIRING

ANTICIPATEp PHASE I ]_ESULTS

• Most Common Wiring Failure Causes in F-15, F-16, & IB-1B will be Identified

• New (Baseline) and Representative Aged Wire Samples from High Failure

Areas will be Procured for Environmental Analysis

• Test Matrix will be Defined to Simulate Aging/Degradation Prc.-ess

• Initial Environmental Exposure and Resulting Degradation Evaluation will be

Completed to Define Rudiments of a Physical Model for Remaining Life Prediction

PHASE H PROGRAM: • DEFINITION OF A COMPREHENSIVE PHYSICAL MODEL

• FINE-TUNING, AND

• _-SITE TESTING AT AF BASES FOR MODEL VALIDATION

A TURN-KEY ALGORITHM TO BE DELIVERED TO USAF AT THE CONCLUSION OF

THE PHASE H PROGRAM

3O
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N96-17081

WIRING TEST PROGRAM INSULATION MATERIAL RFLATED PROPERTIES

Heinz-Josef Reher _,_ _Daimler-Benz Aerospace AG - _ _
Raumfahrt-Infrastrukstur _ -,.->,C

Bremen, Germany
¢./ _/
/

TABLE OF CONTENTS

o Introduction

o Overview of Activitiesat Dasa-RI (since last workshop) concerning testingof w=res
(sponsoredby ESA-ESTEC, The Netherlands)

Test Facilities

Arc-Tracking

Testing of Wires

Standardization

o FutureActivities

INTRODUCTIOI'!

' Electrical wires are considered as EEE-parts and are covered withinthe ESA SCC specification series i
=. (ESA SCC 3901/XXX).

i

- Specifications define the principal properties of the wires including insulation/lay-up, electrical
properties etc. .
Some additional space related materials requirements also included such as outgassing and silver
plating thickness.

If a project has additional materials requirements over and above those covered by the relevant SCC
specification then additional testing is required.

This is especially the case for manned spacecraft.

31
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INTRODUCTION

Additior_alrequirements for manned spacecraft:

The following additional properties, specific to manned spacecraft (i.e.Columbus and Hermes) require
evaluation of:

1. Flammability Test Method ESA-PSS-01-721Issue 2

2. Offgassing Test Method ESA-PSS-01-729 Issue 2

3. Arc-tracking Test Method under evaluation by Dasa-RI in conjunction with.J

Technical University, Darmstadt (see also separate presentation)

4. Thermal.Decomposition Test Method defined based on that originating from CERTSM,
France

5. Microbial Surface Growth Test Method defined based on that originating ,'TOmSINTEF/SI,
Norway

Note___._;:4. and 5. are Test Methods derived in the frame of the Columbus Project (Critical Technologies
Program)

In addition, the effects of ageing on certain of these properties require investigation.

OVERVIEW OF ACTIVITIES AT DASA-RI (since last Workshop)

o Establishment of test facilities at Dasa-RI

- Arc-tracking test of wires
Flammability t_st of wires

o Arc-tracking: Technical University Darmstadt / Dasa-R_activities

Extension of database (see also presentation of THD)
Design of test equipment to assess effects of microgravity

o Performance of wiring testing at Dasa-RI

o Performanceof studies, e.g. ageing of wires, differentangles of wire inclination of flam-of-wires test

o Performance of wiring testing in the frame of Columbus Critical Technologies Program (CTP)

o Act;vitiesconcerning standardization of test methods (British Standard, ISO)

32
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Arctracking Test of Wire at Dasa.RI
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ARC-TRACKING: THD / DASA-RI ACTIVITIES UNDER ESA/ESTEC CONTRACTS

Arc-Tracking Te_t Eauioment / Test M(_thod

o Two test equipmem.,s are existing (at THD and at Dasa-RI)

o Test method developed by THD (already presented)
Work has led to a new approach to assessing degree of susceptibility of wires to arcing failure

o Lot of testing has been performed (see separate presentation by THD)

Mircroaravitv Test =

o Test equipment is being designed, procurement and manufacturing started

o Parabolic flight is scheduled during 1996 ._-

ARC-TRACKING: MICROGRAVITY TEST EQUIPMENT

-s/ )
Measurino Test
Devices 3 Chamber

Power ..-- 7 _ : '
Vacuum/ !

Contro|Untlt ,, ,i.Gas '
Power System

Supply • , _ : "_.
*)

.5 m,

......--IllU_J[ • --,-_,,
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WIRING TESTING AT DASA-RI

First Test Results [AWG 20]

Wire ,Specification Insulation Performance of Tests

SCC-3901-001 PI/PI/PI Upward propagation test ) Prior and after ageing

SCC-3901-007 PI/PI/PTFE Flam of wire test ) of 60 days in air

SCC-3901-009 PTFE/PI/PI Arc-tracking test ) at 150° C

MIL-W-22759 ETFE

o All wires (new and aged) passed the upward propagation and flam of wire test according to
ESA-PSS-01-721, Issue 2

o Arc-tracking test results using Dasa-RI inhouse test procedure PSP 0121 009 showed clear differences
between different wire types.
Accept/Reject Criteria have to be reconsidered.

WIRING TESTING IN THE FRAME OF COLUMBUS CRITICAL TECHNOLOGIES PROGRAM (CTP)

o 10 differentwire/cable types have been subjectedto differenttests, selectedfrom the so called "ColumbusEEE
PreferredPartsUst"

Sample No. Sample Name Chemical Nature !

1901 1871-1-20 PI (2 tapes)/PI coating

1903 FA 3901-1-120 PI (2 tapes)/PI coating

1904 FA 3901-2-120 PI {1 tape)/PI coating !

1908 SPA-10.24-9 PI/PI/PTFE I
- l

1909 SPB-10-20-6 PTFE/PI/PI/PTFE #
191o SPC 10-24-N PTFF./PI PI

1911 MTV 1 20-A P'WE (ext) PI c_at_ing j -

1912 Coaxcal Cable 50 ClS PTFFJAg/AI F

1913 Coax Cable R59 PI/ext. FEP

1914 1872-1-20 Pi (1 tape)/PI coating

o Cables/Wirespassedthe followingtests: Upwardpropagationtest )
Flammabilityof wire ) performed
Odor ) accordingto ,.
Offgassing ) ESA-P$S-Specs.
Outgassing )

r li
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WIRING TESTING IN THE FRAME OF COLUMBUS CRITICAL TECHNOLOGIES PROGRAM (CTP)

o Additional tests have been performed

Microbial Growth (Fungi) (short duration test up to 4 weeks)

Material No. Chem. Nature Class

1901 PI, PI Coating 3 _ (Growthof fungi)
1903 PI, PI Coating 3
1904 PI, PI Coating 4 0 + 1 No constraintson materials (no growth)
1909 PTFF_JPI/PI/PTFE 4 2 + 3 Materials to be used in dry accessible
1910 PTFFJPI/PI 0 areas (cleaning)
1911 PTFF_JPICoating 3-4 4 + 5 Materials should not be used i_1manned
1912 PTFE/Ag/PI 0 closed space habitate (heavy growth)
1913 PI/FEP 4
1914 PI/PI Coating 3

WIRING TESTING IN THE FRAME OF COLUMBUS CRIT!CAL TECHNOLOGIES PROGRAM (CTP)

o Additionaltestshave beenperformed

• Thermal Decomposition(at200=C or max. operatingtemperatureandat 500° C; Atmosphere24,5 Vol% 02)
! i

MaterialGroupor Form [ Mat Idem. No. I Tradeea_e Todclty Class at 200"C ToxicityCbss at S00"C,, . '1

WIRES 1901 W'ceType:1871 TO T2 !

1903 WiceType:390111 TO T2

1904 _hre Type:3901/2 TO T2
I

1908 WireType:SPA2110 TO 1"3 ,

°" ilg09 WireType:SPB2110 TO "1"3

1910 WIreType:SPC2110 TO T2

CABLE5 1911 WIreType:MTV TO .. T3 ._'
1912 CoaxCable50 CIS TO T2 .'

1913 CoaxCable R59 TO 1"3

1914 WIreType:18_. TO 1"2

C_ Quar#,tyof Matedab . QCM {g/m=) TOXICITYCLASS

< 0,10 T 5

0,10- 1 T4
,I

1 -10 T3

10 - 100 T 2

100- 1000 T I ,_
> 1000 TO

37 _,_
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ACTIVITIESCONCERNINGSTANDARDIZATION

Arc-TrackinqandFlamofWireTestMethods

o Methodswill be proposedto

ISOTechnicalCommitteeTC 20, Aircraftand Space Vehicles,SC 14,WorkingGroup 1

o Flamofwire test methodacc. to ESA-PSS-01-721

- is under evaluationby BritishStandardfor incorporationinto their aircraftwire spec.,

now being incorporatedinto ESASCC3901 series of spec's.

Space Systems -
Arc Tracking Test_
Cablesand Wires

Space Systems -
Wire Flamm Test,

ElectricalWire Insulation

38
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FUTURE ACTIVITIES

o Further investigations (on going) to flare of wire test, e.g. angle of wire inclination

o Extension of database on arc-tracking tests, e.g. test of fungi contaminated wires, variation of test
parameters (current, voltage, etc.)

o Reconsideration of Accept/Reject Criteria for arc-tracking test method

o Standardization of test methods

o Request from Russia to perform arc-tracking tests with 4 polyimide insulation wires delivered by RSC-
Energia, Moscow (comparison of test methods / test results)

' o Performance of Parabolic Flight (1996): Influence of microgravity on arc-tracking

39
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N96.17082 '

ELECTRICAL SHORTCIRCUITAND CURRENT OVERLOADTESTSON AIRCRAFT WIRING

PatriciaCahill __4_- .5FederalAviauonAdministration

AtlanticCity Airport,NewJersey _ "_ _

:" PURPOSE. J

The purposeof this paper 'is to present the findings of electrical short circuit and currentoverload
tests performed on commercial aircraftwiring.

"+d

BACKGROUND.

The fire potential resulting from electrical faults on transport category ailclaft is illustrated by
three fires thathave occurredduringthe past several years. A description of each fonows: _+

On January18, 1990, a USAJrMD-80, en route to Cleveland from Buffalo, was forced to return
to Buffalo when the cockpi_ filled with smoke from o_ electrical wire insulation. The

•++ left generator tripped off-line and the captain turned the right generator control switch to the
"Off" position. He selected emergency power and initially was able to clear the smoke. The
captain then started the mvfi]Jarypower unit (APU) and the cockpit again started to fill with
smoke. The APU electrical power was then shut off and the emergency electrical power was

"+: turnedback on. The aircraftreturned to Buffalo with no furtherrepom of smoke. It was found
that the left generator phase B power feeder cable t:nninal, which is connected to a plastic
terminal strip, had melted from intense m_%8. The terminal, approximately 15 inches of the -,
cable, and the terminal stud hadmelted. The second source of smoke came from a fire startedby !.
the molten metal that sprayed an areaforward of, and below the terminal strip. The only circuit

breakerto tripwas the cabin _mn'e control. This incident was caused by improper torquing i
. of the phase B terminal

On March 17, 199 I, a Delta L-1011 en mute fi'om _-ankfi_ Gemany, to Atlanta, Gooq_ was
+. forced to make an unscheduled landing in Goose Bay, Labrador,Canada. About 7.5 hours into :_

the flight, flames eautm_ from the ba_e of the left cabin sidewall panel to the height of the
tray at the next to last row of passenger seats. The fire was extinguished and a i

precautionarylanding was made. The ignition source of this fire was not determined; however, a
possible source of ignition appearedto be an electrical fault. Some of the wires in a fifteen wire
bundle located in the fLrearea exhibited evidence of arcing. Five circuit breakers connected to
this wire bundle had tripped.

On November 24, 1993, an SAS MD-87 experienced smoke and a subsequent fire upon
touchdown. The fire damage was severe, including a l-foot-diameter hole through the fuselage
skin. Investigation found that two wires, one 115 volts (V) and one 28V, had been pinched
together and were arcing to the fuselage structure. Neither the 10-ampere(amp) circuit breaker
(28V line) nor the 15-amp circuit breaker(115V line) tripped.

....' '".... '.... FACE. INTENTIOt'L'_LLY : .....K
t i, I
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i h is apparentfrom these_ee incidentsthatcertainquestionspresentthemselves:

a. Are tickingfaultsmorelikelytostarta firethantheharddirectshort?

b. Do circuitbreakersprovideadequateprotection?

c. Is there anythingdefinitive an investimeorcan look for to help determineif
electricalfailurewas thecause?

DESCRIPTIONOFTESTSANDRF._UL'I_.

OVERLOADTESTS.

A seriesof bench-scaletestswere c_ducted to evaluatecircuit_ respor_eto overctmeat
andto M.tenn/neif the wireshowedanyvisible signs of theamaldegradationdueto _t.

types of wireusedin_ aiscraftwereevaluated:

eL. MIL-W-22759/'34 l._)'C (302_F)
b. MIL-W-81381112 200"C(392"F)rated
c. BMS 1360 260°C ($_ rated(hybridconstr_ctioa)

AUwires were 20 Amedc_ WireGauge (AWG). Thispup we_chosenbecau_itisoneof
the most commonlyusedsizes. Inthis t_t, a7.5-. 10-, snda 1.5-_p tin.it bte_ (all stsndard
_rcraftthemud_) we_ subjectedto 135 l_znt ofthe_cunent_ and
monitoredwbe,ntl_ _ Iripped.AUtestswe_ conductedatroomlemperamm(23"C,73"F).
FigureI showsadi_pmoftbe _e_circuit. Eachwire segmentrested_ tbeneaPacom_
insulation(fiber glasswithpolyesterfilmcove). This test, which is a calibrationmt used by
circuitbreakermanufs_n_s, rcfermo_ lhe l_mmatioml _ _ (IEC)
934, ChcuitBreakersfor F.4ui_t, md theU_mz _ Incoqmn_ (UL) 1077,

- SupplemenuuTProtecten for u._ in _ Equipmmt. Thismt calts for wire rat_ 1 600V
andI05"C(221°F). The followingis a sectionof the _ page tablederivedEomIF.,C934 for
thistest:

AmpR_tinS AWO
<lhsn I 20
I through6 18

>5d_'ou_]3 ]6
>13through 20 14

Iv

The circuitbreakerrating(in araps)and allowablewire gaugeused in commercialaircraftare , o

different from those given above. The Federal Aviation Administration(FAA) approved
electricalwirechartsandtablesspecify20 AWGwireto cm'ya mazim,_ncurrentof 7.$ ampsin
conduitor bundledand 11ampsin freeair. This is becausethetemperatureratingsof transpori

42
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1

categorydcraft wimg aremuch IdlO_rthanthe 105°C(22]'I:) wire_ in the abovetest
method. The me of a T.S-ampc_cu_tbreakerw _ 2OAWG wire wm basedon _
indusm/testing and compute: mode_ng. Tim breakerand wiresize an also specifiedin MIL-
W-_)_ W'uin_ _ Vehicle. This specificationis approvedfor u_ by aU_
and agencies of the Departmentof Defense 0"_oD). While • I0- and 15-ampcimait Ixeak_
would not be used to protect20 AWG aircraftw/ring, this size was _ for teaing to
determine if any then_ degradationof the imu_on ocmned tim woukl be _ or
verifiableby microscopic techniquesas a result of an overloadsituation. Table I gives file
results. Thedatashow thatall the breakerstrippedwell withinthe one-ho_ timeframe_
ia tim trot_ "1'1_wi_ _d_! w_ emunia_!aadtl_ mt _ to _ d_ _adam_
andother layen of insulation,if applicable,by microscope. Tnen_wereno signs of degradmion •
internally_ externallydue to heat such as discoloration,warpage,oi"embrittlement;and file
therm_acousti¢ installationsb_wed.o signs of heatdamage.

., t meter (39.37 inches)

I

variable transformer AMMETER
input120V/60 hz - L

o.12o/14o.._y_v !
eO eml_ !

Jk

"t

,i

> I -
1 meier (39.37 inches) 1 meter (39.37 inches)

CIRCUIT BREAKER

FIGLTRE1. TESTCIRCLRT I'
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TABLE 1. OVI__ DATA

Wix_Tyl_ [ CixcuitBw.ake__ing 135l_fl_tC0mmt Tune to T_ripi in

MIL-W41381/12 7.,5_ 10.1 _ 2 minutesICsecmlds
MIL-W-22759/34 7.5 amps 10.1 _ 4 minutes8 seconds
BMS.,1360 7.5 amps ., I0.1 _ 3 minutes i

MIL-W41381/12 10amps 13.5mnlm 8 minutes30 seconds
MIL-W-22759/34 10maps 13.5imps 16minutes
BMS 1360 10maim 13.5stops 11minutes40 seconds
MK,-W-81381/12 15amps 20.2 amps 6 mln,n,_20 Secoods
MK,-W-22759f34 15stops 20.2 maps 2 minutes45 secauds
BMS 1360 15amtm 20.2 stops 5 minutes5 secoods

Ft_-qUL.'_OFL_JRRENTOVERLOADTESTINGVS. FIRE-EXPO.ql_r_Wlltt:-q.

Eachof thetluee test wireswas thensubjectedto currentoverloadwithout• circuitbreakerin-
line. Tlmeefeetof eachwiretype(20 AWG)was connectedto a vmiabletnmsformerandplaced
oa _acoustic insulationwith polyesterfilm cove:. The ctmeat for each wire type was
detmmiaedby_ testingto causecompletetbenaeldegradatioeof_hewires.

These testsweremnf_ zl_y 12 minutesto compagetlzm withthesametype of wbes
subjectedto fireforapproximately12 minutes.Thevaluesmeas follows:

MIL-W-81381fI2 9.63/' 41 maps
MIL-W-22759f_4 7.2V 33 amps
BMS 1360 10.8V 51

•rbc_c _ wascheeredwbeeethewieerimed,andthepolyes_l_m smoked
- andshnmk.Ignitionofflffipolyes_film_ insomea:uas.Eacbwirewascomlmedtoa

wireofthesametypewhichhadbeauplacedinacanJboardboxwithpaper_aavingsandignited.
The dumim of this fire was atpmximately 12minutesat982N2(1800*P).

In comparingtheBMS 1360andthe MIL-W-81381/12wiressubjectedto _t withthose
subjectedto the fire, no vim'okdifferenceswere detected. The chattedremainsof the wrapped
films were present. The MII.,-W-22759t34wire subjectedto the owrcmrentalso looked the.
sameastheMIL-W-22759B4wireexposedto thefire. Theinsulationmaterialwas consumedin
bothcases,exposingthetin-platedconductor.Thecommondenominatorfoundforall threewire
typeswasthebrittlenessof theconductor.By flexing thecables,it was foundthatthe wiresthat -
weresubjectedto the fLreweremorebrittlethanthoseexposedtotheovercurrent.
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SHORTCIRCUIT'1_,_/G.

In thisseriesof bench-scaletests,circuitIxca_ _lzzme to shortcircuitsandtickingfaultswas
cvalua_L Tlz_ tests wae also meant to demmine ff the threetest wires hehaveddiHaenfly
undertheaboveconditionsandffasheetcircuitorti_ faultcooldstartafire.

Two _ eachthreefeetlong,were¢onnecu@w a 220V/IISV4_ck, fluee-phase
generatorratedat18.75kilovoltamlz(kVA);onewirewasconnectedm a "leg"ofthewye
connection;andonewirewasconnectedtotheneutralThisconfigurationresultsina 115V

- potential (single-phasepower)between the twowires. A 7.5-ampaircraftcircuitkeaket mud at
500 ampsof interruptingcurrentat 120VAC-400Hzwas in-linewiththe "hot" leg. Eachof the
wireshadaplzeximately1/2inchof insulationstrippedfromtheirends,andthewirestrands
wezetwistedtogetherandsuspended_ withthestrippedendssepmezdappmximmely
one inch A piece of non fire-rmardedpolymethanefoam was thenplaced approximtely 1/4
inch behind the two wires. Using a wooden rasping device, the two wires touched

- inte.rmieZnfly(tickingfaults).Theywinealsobroughtandheldtogethertocauseadirectshort
circuit. This sametest was reputed using208V(phase4o-plmse)with a 7.5-ampcircuitbreaker

, protectingeachleg. Tables2 and 3 summarizethetestresults.

The dataindicatesthatthe ciscuit _ didnotprotectthe wire_qdnst tickingfzults in both
the 115V and208V testing. In each case, thetemperaturegeueml_ by the arcs _ each
successivetickingfaultignitedthe herebym_terials."llz_ore, the minimaldurmionof meu,l-
to-metalcontact(timefactor)aloag withth_limitedca_rentdueto the"instantaneous"arcwould
explainv,hy thecin_t _ didnotflip.

In all the 115Vmd 208Vtests thecircuitIzreaken;_ thewireagainstdirectthem. While
simAswereolzem_ as thetwoumduamswm broughtmgm_, fusiouoocumdalmost
instanume_, nm_u_ in d_eciscuittnaka uipping.Thedm showthatdx._ wasno
ipitiou cf thefomnduringanytest.Whilethe_ might_ve been_ high(hc,sim{s
_ of mnps),tlz volta_ w_s low. Thmefo_ availablepowerwas small(P= I_

"thesetestadidnotevaluatethe¢ff_tsofmoltanmetal(piecesofconductorwhich_ _
duringsome"_:kingfanlts)asignitiou._mn_s.Itislil_y,however,thattheyozuldiguima

, flammablemmial epm impingemeat,as was the case in the MD-80 fir; _ eadierin
ridsreport

_.Z APPEARANCE OF CONDUCTORS.

In all the 1153/and 208V cases, fusion of tb: conductorsoccurredupon directshort-circuit
testing. (Rememberingthat a 20 AWG conductoris composedof 19 strandsof wire, fusionin
thiscase does uot imply that each _trandof eachconductormeltedandjoined.) Fusionin this

: testingimpliesthatany numberof strands.fused,resultingin a completeshortcircuitthattripped
the breaker. No "bead" formationoccurredduringthis testing; howe;vez-,there were discrete
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me.asof melted conduc_ whichapjzmed layered. The ismflmionnmerialsshowedno _ect
fromthe"neat"offusion;however,theywe_ slightly warm.

. Insomeimtm¢_ thewiresin_ ricing faulttesting (1lb'Vand208V) showedweld fo:'mation
on discretemreasof bothconductoa. Thesewelds wzse not formeddueto thefiresbuc..._mnthe

heratenmrat_ duringtickingfmslttcging. Some of the surandsin each of thetwo wires fused
u_ber md_ dullincol_. Duringone208Vtrot,theexposed_ vapmizedup
to tiz insulstion nmerial afterthethirdticking fnu_ Since the f__s pmlmsmedup the fomn,
veryfiulc wire insulationwas subjectedto the fire. 'Ibere_,_ sonz z:mchingandsoot on the
insulationmmaials thatwere Ixieflysubjectedto thefire.

TABLE2. ! 15VOLT'lEST DATA

i I Im n

NotesW_ Type Tickins Carcuit_reakcr
Faults Tripped

_UL-W-SI3Sla2e No spaam,somem_-ing.'imsixtheuatz,,_
_ingignitedthefromandtomUycmsun_
it, _" on Ibeendsof both_
atproxim_ly 3/16 m4/16 inchof conduc_
left

MIL,.W-22759/34 5 No Sparks,some _rcing,onf_h faultsev_e
racingignitedtbcfoamandtamUycousunzd
it,"Beads"onthemxlsofboth_

_ app_ximamly3416tO4/16 inchof_
'_ left

m_.s1_ s _o Spa_son_arcU_s,mf_hfaufisevae '
_ ipir_ _ forum._l rmlbra_nsd
it, "Be.ads"on ti_ _ of bo_ _ i
approximately3416to 4/16 inchof conductor
left )

.... t

VCuc"13pc Direct- Cin:uitBreaker Notes
sum Tipped i

m.-w-mslm t Yes ii,a_ (spit),_ionoft_ two_, ,
: MIL-W-22759TJ4 1 ..... Yes Sparks,fusionof thetwoconductors

BMS 1360 1 Y_ Spm4cs,fusion of thetwoconducto_t
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TABLE 3.208VOLT TEST DATA

WireType .....Ticking Circuit Breaker Notes
Fau1 Xri

MII._W-81381112 _ No l_uingthe_t f_Itmostofthe
conduc_ts vaporized leaving
approximately2 to 3/16 inch of conductor
remaining, severe arcing, the foam ignited
andwas totally consumed duringthe third
ticking fault, exlmeed conductors totally
vapmized

MIL-W-22759/34" 3 1. Yes, one breaker During the first fault, fusion occurm_ cut
on first fault and strippedboth conductors, seveze
2. No, on the third arcing, foam ignited and was totally
fault that ignited the consumed on thirdfault
forth

BMS 1360 " 3 No Severe arcing,sparks,crater fc_nnedin
foam, on thirdfault, foam ignited midwas
totally ,oommned

Wire Type Direct Circuit Breaker Notes....
Short Tripl_:i

-MIL-W-81381/12 ,,I Yes Some spar_,'conductors,.fusedi

MK,-W-22759/34. I Yes _,omesparks,conductors fused
,.BMS 1360 1 Yes [.Some spa:ks,conductorsfused

!

CON_USIONS.

1. Circuit breakers provided reliable overcurrent[gotection. : i

2. Circuitbreakers may not protect wire from tic"_ingfaults but can protect wire from '
direct shorts.

• _

3. These tests indicated that the appearance of a _ subjected to a current that
totally degrades the insulation looks identical to a wire subjected to a fire; however, the "fire
exposed" conductorwas more brittle than the conductordegradedby overeurrent.

4. Preliminarytesting indicates thatdirect short circuitsare not likely to starta fire.

5. Preliminarytesting indicated that direct short circuits do not erode insulation and
:', conductor to the extent that ticking faults did.

6. Circuitbreakers may not safeguard against the ignition of flammable materials by
., tickingfaults.

i; _''_ ..... _ ............. i
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7. The flammabilityof materialsneartickingfaults is far more importantthanthe
ratingof the wireinsulationmaterial.

GLOSSARY.

ARC: A luminousdischaqFof electricitythrougha gas, and/ora prolongedelectricaldisclar_
or seriesof prolongeddis"harl_ betweentwoelectrodes(nophysicalcontactbetween_).

CIRCUITBREAKER: A device used to open and close a circuitby nowautomaticmeansas
-. well as to open a circuitautomaticallyon predeterminedovercurrentwithout damagingitself

(whenpropertyapp]/edwithinitsrating).

EFFECTIVEVOLTAGE(or CURRENT): Effective value of sinusoidalvoltage or cunent is
0.707 times the peakvalue. Also designatedroot meansquare(nns) value. With AC voltage,

i effectivevalue is understoodunlessotherwisenoted.

OVER_: In acircuit,thecurrentthatwill causeanexo-.ssiveor even dangerousrise in
., temperaturein theconductoror itsinsulation..

PHASE-TO-PHASE:Voltage_ betweentwo "corners"of a _lta co:._=ctionor between
anytwo"]=ge"of awye connection.

SHORTCIRCUIT:Also called a short. An abnormalconnectionof relativelylow resistance
i betweentwopointsof a circuit. Theresultis a flow of excess (oftendamaging)currentbetween

thesepoints.

SPARK:Thedischargeof electriccturentthroughairor anotherinsulator.An electricalSlinkis
_ imumumcous. :

I

TICKINGFAULT: An intermittentmetal-to-metalevent(conductor4o-conductor,conductor-to- iJ

suucu_,etc.)thatresultsinthedischargeofsparksandaxcingevents.

WIRE DESCRIFI'IONS:

BMS 1360: Composite_insulation,polytctrafluowethylene(FI'FE) fluc-"e.arbon, aromatic
polyimideandan outerlayerof PTI_. Normalweight,nickel.coatedcopperconductor.

MK,-w-22759r_: Crossl/oked modified ethylene-te_Lfluoroethylenecopolymer (ETI_).
Normalweight,tin-coatedcopperconductor. -

.: MIL-W-81381/12: Fluorocad_n/aromaficpolyimideinsulated. Mediumweight, nickel-coated
• copperconductor.
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N96.17083
AIRCRAFT WIRING PROGRAM STATUS REPORT

Rex Beach _- _''-_
Naval .air Warfare Center _ _" -4

Aircraft Division

6Indianapolis, Indiana ,

PROGRAMOVERVIEW

- NAWCAD Indianapolisis thetechnicalannfor theNAVAIRAlralft _ Program

- PrimaryFunctionsinclude:

, • componentengimm'ing
QuadcatkmandEvaluation

DevelopmentandMakdm_nce
• symmaEngln_rl_
• LeadMaintenanceAcgvltyfor AircraltIMring

, cmponentEngi,x_ngActivities
GeneralAcUvltles:

Impleme_ClngSecretaryof DefensePerry'sloltlatlveson useof cGmmerclal
specifications,lindlmrldardsfor NAVAIR'saircraftwiringwogran .
• Conw_rllmtofqz¢_Iflcatlonsto performancespecification
* Cancellationandsupercsssionof manycriticalmilitarystandards
* TechnicalinputforDoDapecikaUonsandstandardssurveysbeingconductedby
NAWCADLakehumtonallNAVAIRprepared_s andstandards

EstabliddngwocedurssforQPL/QMLmanufacturersto utilizeSIC andinprocessdata
inlieuof endproductQCtesting '_

EaUibllddngproceduru to utilizeIS0-8000_ or otherapproprlMecommercial
. qualityandrdiabilltyauditapprovalsasin Mtermltiveto militaryuniquequalityand

reliabilityauditrecluiremeflts(suchas M:L.STD-790andMIL4-48208)

EvaluatingotherWocedmsto reducecostsof qualificationandretentionof I
qualificationtestingformanufactur0rswith_uperiorprocesscontrolsandquality i
systems

|
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"_mponent EngineeringActivities
V&re and Cable Activities:

! • PublishedMIL-W-22769180-FJ2for PTFE/Polylmkleinsulated"hybrid" Insulabonwires

; • Published Mii-STD-2223test methods3006 and 3007 for Dry and Wet Arc Track
PropagationRe_taance
• Beginning to reference MIL-STD-2223for Insulated vWetest methodsand MIL-C-29606
for alranded conductorrequirementsin military wire specifications

• Planningrevisionsof MIL-C-86485rifler line cable and MIL-W-22759wiring
specificationsand.workingwith the Air Force and DISCto updateMIL-C-27500
aerospace cable specification

• Finalizingtest report on Thenno.Gravkneb'icAnalysis (TGA)as a polaible means to
determinetemperatur_ratings on aerospaceWires

CmnpoMnt EngineeringActivities
Other Comnonent Activities:

• Completedteeing of metal/plasticcompositeconnectorsexposedto SO: Salt Spray

• Planningrevisionsof MIL-C.6015 circularand MIL.C-81659rectangularconnector
specificationsand MIL-C-S5049connectoraccessory specification

• Planning conversionof MIL-C-8809thermalckcuit breakerspecificationfrom QPLto
QML

• Working_ SAE.AE_C1to write a nongovernmentstandard witha military QPL for
molded components

!

System Engineering Activities:

• Maintenance of MIL-W.6088aerospace vehicle Wiringinstallationspecification i

• Providingsupport for FI8E/F program includingwiring system inspections

ii • V.22 conventionaland OrganizedWiringSystem (OWS) support

i • Joint AdvancedSldke Technology (JAST) aircraftprog_'amOWS study
t

" • Fiber opticssupport IncludingF-22 and RAH-66 immes

w
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Aircraft V_lrlngLead MaintenanceActivity:

Detefl, ining the exIent of ren_.aininginamlMJonlife for MIL-W-81381i)olyknideIna_dated
wires ',nmany Navyaircraft Includingthe S-3 Vikingand EA-6BProWler

Actively p_ with the Naval Vehicle5MrlngActionGroup (NAVSM_G)
._- • Maintenance proceduresto edend thermal circuit INlaker life by cycling

• Oevelopingportable heatguns for maintenanceon hmledalrclsft
• Evaluating wiremarking systems(Exdmf lamer,ink Jet,hot Mamp,etc... )
• Developi_ improvedvdreSbtl)PerSfor all wire types in Navy aircraft inventory

Continuingto compileaircraft _detng maintenancedata from Navy field activity
databaus, tNIring syMems are one of the top syntemsfor maintenanceactinns on
most Navy and V.arlneaircraft.

NAVAIR/NASAinterface:

NAVAIRis the IXepedng activity of many specificationsmad by NASA. NASAis
designatedas a cuModlanof aomo NAVAIRspecificationsandMandards and can
submit emmrdinlcomments

NAWC AD indianqmlis aircraft _klng program_ill continueto share ImoWiedgeand
exptstisevdth NASAand otheragenciesand contractors involvedwith apacevehicle
wklng

i

NAWC AD Indianapoliswiring componentand installationsspecificationwriting and
'_' testing expmtJlmcan be utilized by othor military or federalagenciesor by commercial

activities in Impport of government programs

Base Realignmentand Closure (BRAC) Commission Recommendations:

NAWCAD Indianapolishas beenrecommendedfor closureby no later than 19N by
the BRACCommission and the DoD; Hov_ver .........

jm

Original recommendationIs to move about 60 %of the jobs Frlmarilyto NSWC
Crane. IN and mcondarily to NAWC ChinaLake,CA and NAWCAO PatuxentRiver, MD

The BRACCommissionand localgovernmentare voicingMrong Imppe_ for a
partial or full privMlzntJonplan that might keepmanyof theJobsafter the clomlreat the
tame geographicmiteat Indianapolis

It la anticipatedthe NAVAIR AircraftWiringProgramwillbe on ongoing programunder
any of the vmloua BRAGecenarios

The closureknove/pdvMJzatinnissuefor NAWC AD Indianapolismay not be resolved

for cometime yet 1
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SPEC-2
10/31/94

NAWC AD INDIANAPOLIS

WIRING TEAM SPECIFICATIONS

SPECI_CATION ITEM REQUIRES PROJECT AREA
QUALIFICATION

BY NAWC

MIL-STD-104 InsulationColorLimits -I00
bIIL-STD-704 AircraftElectricalPowerCharacteristics 117
MIL-STD-1344 ConnectorTestMethods 101

MIL-STD-1646 ServiceToo_ connecto_ & contacts 102
MEeSTD-1651 In._rtsM5015 & MS22992 103
MIL-STD.1653 PowerCableAssemblies 104
l_L-STD-1671 DCPowerConnectorSchematic 105
MII_STD-1672 Connector,Umbilical, insert 106 ....

MIL-STD-1674 Connector_InsertM85028 107
MII_STD-2223 WireTestMethods 116

MS3493 ConnectorPlug & Cap, 8round 79
MIL-B-3990 Bcaring,RollerrNeedle, Airframe Q 48
MIL-B-4523/14 Switch_Boot 113
MIIA_-5015 CircularConnector q Ol

MIL-W-5086 PolyvinylChlorideInsulatedElectricWire Q 13
MIL-W-5088 Wiring,AerospaceVehicle 53
WS5127 Backpanel(I-layer/.1 & 2 in. cur)-' 66
MIL-F-5372 Fuse_CurrentLimiterT_e_ Aircraft (_ 23
MII_F-5373 Fuse.holder,BlockType, Aircra_ Q 49
MIL-S-5594 Tossle Switch .. 34
MIL-S-5676 Splicing,CableProcess 110
MIL-T-5683 Terminal_Tie Rod, Threaded 83
MIL..C-5756 PowerCableand Wire Q 14

r_ MIL-C-5809 Cir_it Breaker Q 35
MIL-B-6038 Bearin6,Bellcrank(NoQPL) 32
MIL-C-6100 Connector,Recepticle 84
MIL-R-6106 ElectromagneticRelay(Engineeringonly) 36

i WS6118/6119 WireWmp/Prcx:ess_.1& .2 in. cur) 67 ._
MIL-W-6370 Wire_Antenna 85 ,_
MIL-N-6748 Nipple,ElectricalTerminal 92

._ MIL-R-6749 Aircraftpower Rheostat 20 1
21
22

:" MIL-S.6852 ElectricConductorSplice .. 11
MIL-W-7072 AluminumElectricWire Q 15 !
MIL-C-7078 ElectricCable_Aerospace(Canceled) 62 t "
MIL-E-7080 ElectricEquipmentSelection 109 ".

MIL-T-7099 CrimpStyleTerminal Q 09
42

MIL-T-7928 Lu8 and SpliceTerminal Q 10
MIL-B-794_ Bearinss, BaU_Airfimue,Anfifriction Q 54
MIL-A-7965 Antenna.Components 86
MIL-C-7974 CableAssemblies Q 37
MIL-R-8903 VariableResistor 24

MIL-B-8914 Bearing,Self Aligning Q 56

1
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_cn_CATmN _T_ "-" m_Q_S "P_OJ_Cr
QUALIFICATION

evSxwc
MIL_B-8952 Bea.,'in_,RodEnd _ (_ 40

38

MS1¢135 Dr_.erAssembly_Rack..Mounted 115 ..
[WS15660 VerticalDoor Buses/connectors 68

'+ MS17155-57_72 TerminalSteds 82
+ MS18029 CoverAssembl_.forMS27212 .... 76 '"

MIL-F-21608 ShieldTerminalins/Femde" Q 12
MIL-C-22520 Crimpin_Tool, Te.rminal Q 30
MIL-C-22529 p.lasti'cGr.ommet(FirstArticle)......... 25
WS22749 Badqpanel(2-layer/.1 in ctr.) 65
MII_W-22759, HuoropolymerInsulatedElectricWire ""Q 16

_. _m,-e-22909 _impir_Tool,Hydra_ic .. 5S
MIL-J-23013 Jnnction_Box 93
MIL-S-23053 InsulatiouSleeving,Electt_l HeatShrinkable 111
MIL-S-23190 Cable_Sua_a_ Clamps ,. Q 26
MIL-W-25038 Hif_ T_ ElectricalWire Q 17
MS25064-67 Fermle_Flexableconduit, RF& Accessories 73
MS25226 LinlqTer_.Connectins. 78 ..,
MIIA2-25516/24 Connector_Coaxial 94
MS27212 TerminalBoardA_semblyMol"ded-inStud" 77 '"
MlL-C-28754 ElectricalModularConnectors Q 61
MIL-C-2.8859 Ele_cal.Backplane Connectors,PrintedWiring Q 60
MIL-A-28870 Assembli_, BackRl.ane ,Q 74
ME,-C-29600 Connector,Composi."teCircular q 64
MIL-W-29606 Conductorj.Stranded 114
MIL-C-38999 CircularConnector(Series4) " Q 02
MIL-C-39029 ElectricalConnectorContact Q 04
MIL-T-55155/:29-32 Terminal,..Stud.. ,,, 75
MIL-W-S1044 ElectricalWire Q 18

39

MIL-T-81306 Tools,.Fo'.truing,forstrap q 52
NlIL-W-81381 PolyimideInsulated.ElectricWire Q 19
MlL-T_.1490 Cabl%TransmissionCoaxial . 108
MIL-C_ISII " Circulartti_h Density.Connector Q 05
MIL-M-81531 Markingof Electrical Insulation 88

" MIL-C-8__538 ConnectorvUmbilical, MIL-STD-1760" q 112 " ...
MIL-I-815,50 InsulatingCompo._d_Silcon ._ 95
MIL-S-8!._51_ Switch,Toggle, Hermetic _ 55
MYt.-C_! 582 BayonetCouplingElectricalConnector ..... Q ,, 06 .,.
MIL-M_ Z594 HotStampPr!ntingFoil .... 27
MIL-S-81619 Switci'%SolidState Transducer 89
MIL-C-81659 RectangularElectricalConnector _ Q 07
MIL-C-81703 Circular.ElectricalConnector _ Q 08
MIL-T-S1714 Tern,.inalJunctionSystem ...... Q 29 .
MIL-I-81765 Insuiatin[_Molded,HeatShrink 90
IVUL-C-81790' AircraRExternalPowei'Connector Q., 41

_r
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SPECIFICATION ITEM [ REQUIRF._ PROJECT

i QUAIJ_CATION, , BY NAWC . ..
M_-W-81822 Solderle_.WrapWire(FirstArticle) 63 .,.
M_S-81824 EnvironmentalSplice Q 45

" MH.-T-81914(AS) Tubing,Plastic 81
M_1-81969 Too_ h_amn 8 &'Remov_ Q .. 43 ,,.
M_-C-83413/4, /5, /8 Connec_rs& Assemblies,_ec_c_ Ah_ra_ Q 33

, Groendm8
MH_-T-83507 Tool KR, 46
MKA2-85028 RectangularElectricalConnector 28

DoD-C_5045 F_er OptlcCable 31
_eL-C-85049 Conne_ A_esso_ q 44
M11.-I-8"$080/2 InsulationSleeve_Non-heat 96
M_S-85242 Switch,S_-_ng 91 t
M_-C_5485 Cable,l_ter Line Q .. 51
M_$43519 ShieldTcrmiaalion,SolderType q 57
l_m....c.s552s connectorMouneng__-vice(ca_ _ ,,, 03....

: M_F-_731 Fastenef_PositiveLocking Q 59,.,
MH_S.85M8 Sleevms ForID Ma_ HeatShrink 80
#2465230 _on Cable 71

#3202740 ConnectorCrypeH-TypeD) ...... 70
#5932026 LaminatedBus_ 69,,.

SpecialEvaluations(Non-QPLWork) 50
.,, SpecialEvaluations_dem) 72

47
87
97
9s
99

54

i
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N96-17084 _

NASA WIRINGFOR SPACE APPLICATIONSPROGRAMTEST RESULTS

Mark Stavnesand Ahmad Hammoud -_7' .2.O

NYMA, Inc. , f
NASA LewisResearchCenter

Cleveland,O,hio # J 6

ELECTRICAl-POWERWIRIHGPROGRAM

GOAL: TO PROVIDE A TECHNOLOGY BASE FOR THE DEVELOPMENT OF
LIGHTWEIGHT, ARC TRACK-RESISTANT AND RELIABLE WIRING
SYSTEMS FOR AEROSPACE APPUCATIONS.

APPROACH

• IDENTIFYMISSIONFIEC__ AND N=PI._TION
• EVALUATEPOTENTIALWIRINGSYSTEMSAND ESTABUSHADATABASE
• INVES'n_ILTEkOVN_GS) "ROtlXO_ES RB.B/N_IT TO Wg:IINGFNLUFE

PREVlENI'ION.DE11EC11ON,AND ISOLATION.
• ESTAEItJSHGUIDELINESANORECOMMEN_TIOI_

• NEWINStA,KI1NG MATEFIALS

WIRING COhlST_$T1OI_

* IMPROVED SYSTEM DESI_';N

• ADVN,,Ik'AEDCIFzCUrrPROYECT1ON

_zz].r,._z]..gei

• PRESSURIZEDMOI_JLES i
• TRAN_All_OSPHEF_C VEHICLES
• LEO/GEOEN_RONMENTS

" LUNARANDMARTIANENVIRONMENTS

- NASAWiringforSpace ApplicationsProgram

• Test Progmn_. Evaluate potential wiring constructions and
establish a database of Testing Information.

• Identifyand priorfl_eNASAwiring requirements

• Select candidate wiring constructions

• Develop test matrix and formulate test program

• Coordinate and conduct tests

• E_ablishguidelines and recommendations

" 57

<"' _"'_" "..,,,=.h_ I_,rr,Tin,,.LL" " -_t

1986109911-060



NASAWiring for Space Applications Program

• NASAMission Environments:

• PressurizedModule

• LEO/GEOApplications

• Trans-AtrnosphedcVehicles

• Lunar Surface

Martian Surface

OPERATIONAL ENVIRONMENTS

.n.J-- ,° __Modules atmo_honc Surface Surface Nrctaft

Voltage a-lmv m.lmv am.,l_Dv m.i_v _v

Frequency o¢ oc._ oc.,m_

Mechanical

Vibmlion 1._oo _s_mmd_- 14SaSIq. '._0Y4 )

1l'.N imll_m_ LEO -.* GEt')
m

Joal.o.s_f v_q,-..PmalrInlpac_ N/A (F0,J,_i_,elAnmm) ,,,LEO CPmmZm_I A,ULwlO)I N/A t
Envbonmenlml L

Tcml_rature ,u =.arc .m'c.-) I_I'G .111_c ._, l_4"G .mo'c ..t NQ'C .171'c.<, 111C -143"c- 27"CSOu0¢_m_. l0 q_lm_ ©re,m*, w_m, la_l_m/_v ISS,:/¢m_ -es'c..,::o'c

Gu/FluidC,_mp. im_ _ 1_k RN1_4dlI1011_.-_. ,--.M,_

Pr_iUt_ 517 _r_ 10_ .._ IO'WTO_ 73 X I0.14 T4f '_lO._ 7 _.I0._4 Tgff |04 ._ lO.t_ TO_ 4A ..4tl.4T_" 45- 7gOToot

PafltculataRadiation _A _ s_,_i N/A N/A

Att_,_icOxygen WA i_m_, ,m L_o.-,s_o N/A N/A WA

ReducedGravity ,o_-_io*o i_ _ __ i_o o,l,,,9 _sss WA

C Pbulnl_ WA (_*._Mw t_._
-

!
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TESTING PROGRAM APPROACH

, Determine Required Test Matrix

. - NASAOperationalEnvironments
- NASAUniqueTe..-:Requireme._s

• LeverageExistingTesting Database
-Air ForcePrograms
- NavyPrograms
- NASAPrograms

J

• Identifyand EvaluateCandidateWidng Constructions
- - MilitaryStandardWires

- HybridInsulationConstructions

• Utilize(inter)National Expertise
- ExternalReviewof AllPlans

- ExperiencedTestingOrganizations

NASAWiring for Space Applications Program

* Candidate Systems:

Fil,_tex (PTFE/PI/FEP) - MIL-W-81381/7 (FEP/PI)

Thermatics (PTFE/PI/PTFE) - MIL-W-22759/12 (TFE)

- Tensolite (PTFE/PI/PTFE) - MIL-W-22759/34 (XL-ETFE)

- Gore (PTFE/HSCR PTFE/PTFE) - New Insulation (PFPI)

* Confi£;,Irotlon:

- MIL-W-81381/7 constructions

- AWG: #12,#20

- Single wire ,,

- Twisted pair

.L
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NASAWiringfor Space Applications Program

• $umrnotyof ResultsRepoffed in 2nd NASAWorkshopon
W#fngfor Space Applicotions:

Arc tracking, mechanica!, electrical, flammability, fluid
reactivity, thermal vacuum stabliity,atomic oxygen, and
ultra-violet radiation performed on 8 candidate samples
of both # 12and #20.

Candidate constructionsdown-selected to 3 most
promisingcandidates, singlewire gauge (#20), and
furthertestswere defined.

New insulationmaterialswere identified and will be
investigated

(InformationreportedinNASAConference_n 3244- "SecondNASAWorkshoponWldngforSpace@ns]

NASAWiringfor Space ApplicationsProgram
FY'94 - '95TestingActhdfies

• Down-selected Samples:
l

Gauge:
[

- AWG #20 i

Constructions:

- Tensolite(PTFE/PI/PTFE)

' - Thermatics (PTFE/PI/PTFE) '

- Filotex (PTFE/PI/FEP)

' - MIL-W-81381/7(FEP/PI)

- MIL-W-22759/12(TFE)

MIL-W-22759/_"_(XL-ETFE)

New Insulation (PFPI)
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NASAWiringfor Space Applications Program
FY_4 - '95 TestingActivities

• Participating Organlzotions:

NASA
!

• LeRC
• MSFC
• JSC

McDonnellDouglasrrRw

- Unive_ ofBuffalo

NASAWiringfor Space Applications Program
FY'94 - _5 TestingActMties

NASA LeRC

• Objective: Perform comparative analysisof arc-tracking of
the candidate constructions under atmospheric,
vacuum, and i_gravity conditions.

J

• Tests: Arc-tracking

Ambient conditions
5x I0_ torr
102g

• Prlnclpal Thomas J. Stueber
; Investigator. NYMA, In=, ,.

NASA LewisResearch Center

61
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NASAWiringforSpace ApplicationsProgram
FY'94 - '95 TestingActivities

NASA MSFC

• Objective: Investigate the effects of AO, UV, and AO with
UV synergisticeffects on wire insulationmaterials.

• Tests: AO: -1021atoms/cm2
UV: - 10,000 ESH

• Principal Jason A. Vaughn
Investigator: Space Environmental Effects Branch

George C. MarshallSpace FlightCenter

62
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N96-17085 :,

NASA WIRING FOR SPACE APPLICATIONS PROGRAM TEST RESULTS

Jason A. Vaughn g'_ -_ 't_
George C. Marshall Space Flight Center

Materials and Processes Laboratory _ "_2 <_

Engineedng Physics Division _,
, Marshall Space Flight Center, Alabama ;.,

PresentationOutline

• Objective
_J

• AtomicOxygenSystemDescription

• Resultsof WireInsulationExposureto 5 eV AtomicOxygenAtoms

• Discussionof UltravioletRadiationTestProcedure

i • Resultsof UltravioletRadiationExposureon Materials

!

Objective

Investigatethe effectsof AO, UV andAO withUV synergisticeffectsonwire
!

insulationmaterials.Atomicoxygenexposureto be on theorderof 1021

atoms/cm2andVUV radiationto be oa the orderof 10,000ESH.

¢

63
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PPPL 5 eV AtomicOxygen System Characteristics

• Developedundercontractwith MSFC (H-83097B)

• Produces5 eV atomic oxygen neutralatoms at a flux of 10le atoms/crn=

• FluenceLevelsof 10=1atoms/crn= requireexposuretimes of approximately
L, 40 hrs.

• SimultaneouslyproducesVacuum Ultravioletradiationat 130 nm 200 times
as intenseas the equivalentsolar VUV dose.

PPPL 5 eV AtomicOxygen System Schematic

.i Coils .
.i

1"=11m_
,|

., i,,

64
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Wire InsulationMaterials Exposed to 5 eV Atomic Oxygen

• TRW PFPI--Partially Fluorinated Polyimide

• MIL-W-22759/12-TFE Teflon Outer Matedal

• MIL-W-22759/34-XL-ETFE (TFE Teflon Matel!al)

Wire InsulationSample Fixture for AO Exposure

6-3_ TODDO_ I-_les

65
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AtomicOxygenTestingVisualObservations

• Aftercompletionof testsallwirematerialsshowednosignsof erodingto
theconductorordiscolorationof the wirematerial.

• Allwiresampleshada powderyresidueleft onthesurface.

NASA Electrical Wiring Test Program
Mass Less Summaryof W'weEXl_Sedto 8.5_0 ='atoms/triPFlumce AO ==d8200ESH VUV

Averal_ &rams Average&thkk=eB Computed Re
(me.) (mn) (¢=J/ato=)

TRW-PFPI 6.26 47.2 $.6x10"u
(aws #_0)

MIL-W-2W59/I2 7.47 34.8 4.1xlO"u
(aWl#ZO)

MIL-W.22759/34 3.12 14.5 1.7x10'_
(=ws#]2)

l

UltravioletTestSet-Up

• FourSamphsof EachWireWereUsedForStatisticalAverage.

• SamplesExposedin 10z TorrVacuumfora Periodof 1033hrs. i

• Sampleswere controlledat"r_omperatureof 120°C

• An EnhancedUltravioletRadiationLampwit.'-,a Mercury-XenonBulbwas :
usedto radiatethe samples. '.

• SourceProduceFour(4) UV sunsoverthewavelengthregionof 200 nmto
400 nmperhour.

• TotalSampleExposure4132 EquivalentSunHours.
P
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Ultraviolet Radiation Test Materials

• Teledyne Thermantics (awg #20 and #12)--TFE/FEP Co-Polymer

• Tensolite (awg #20 and #12)-- TFE teflon outer material

• Champlain (awg #20)-FEP/TFE Co-polymer

• BarcelM81381-7 (awg #20)--Kapton

• HSCR Gore (awg #20 and #12)-TFE Teflon material Outercoat

• M81381-11 (awg #20 and #12)-Kapton Outer Material

• Filotex(awg #20 and #12)--TFE Teflon Outer Matedal

NASA Electrical Wiring Test P_mm ....
Mass Loss Summaryot Wireto 4000F.SHUV l_=d_tion

i

AverageAMar_ FNmn_mAverage
(rag) _ )

Filotex 0.327 0.06_

(awg #20)

Rlotex 0.517 0.023

(awg #12)

; Te_yne _ 0.1S3 0.0_

(awg _20)

TMedyne Thcm_ 0.530 0.0_5
(a_ #12)

Tensolite 0.197 0.041 =

(a_ #20) I
I

Temo_e 0.443 O.OQ1

(swg #12) !

cN.nmin o_ o.o_
,(..awge=o)
I-ISCR _e 0267 0.057 " !

(awgt2o)
HSCR Gore 0.510 0.023

(awg#12)

M81381-11 -0.180 -0.0_15

(awg#2o)

mlSS1-11 -0.72O -0.0_
(..wg#12) I

M81381-7 -0.044 J -0.010
,(aw9#20) ,, I

t
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Summaryof AtomicOxygenandVUV Exposure
ofWire InsulationMaterial

, • TRW - PartiallyFluorinatedPolylmide(PFPI) hashigherAO reactivity.
Uncertainto cause.

° FluorinatedPolymershavea highSynergisticVUVandAtomicOxygen
reactivity.

• TheTrueReasonfor the IncreasedFluorocarbonReactivityIs NotKnown
Butis Believedto be Causedbythe increasedVUV RadiationRate.

oVUVExposureAloneon FluorocarbonMaterialsCausesThemto LoseMass.

I

68
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N96-17086 ' ,

NASA WIRING FOR SPACE APPLICATIONS PROGRAM TEST RESULTS

Harry T. Johnson
NASA Laboratories Office

NaSA Lyndon B. Joh ,son Space Center _', _,_.
Houston, Texas /

/

/ _David 7rlirsch t
' AUiedSignedAerospace i'

: Albuquerque. New Mexico

NASAWiring for Space ApplicationsProgram
FY '94 - '95 Testing Activities

NASAJSC/WSfF

* ObjeefNe: PerformNASA sv.,ecifiedtestingforcot..pa_bility
' withenclosed,spacecraftenvironments.

o res/s.. Flammability: 30_ O=,200"C
OrJor. 25.9% 02, 50"C
Aerospace FluidsCompa;lbility: 1_O4, N=H4,N=H3CH3
Offgassing: 25.9% 02, 50'C
Thermal Vacuum Stability: 5 x 10_ torT, 125"C, 24 hrs,

i ,, Pdnc/,otr/ Dr. Harry T.Johnson - NASA Laboratories Office
Invesfl,_. David Hirsch- AUiedSignal Aerospace

.

t
!

|

!
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Backqround
• =

_; NASA LewisResearch Center RequestedNASA Johnson
\ Space Center White Sand_ TestFacilityto Conduct

Flammability,Odor, Offgessing,Thermal Vacuum
Stability,and CompatibilityTestswith Aerospace
Ruids of Several Wire Insulations

J

Wire InsulationsE_=luated:
• PartiallyFluorinatedPolyirnide
• Extruded ETFE
• Extruded PTFE
• PTFE Tape
• PTFE/KaPton

, Tests Performed"

i • Per NHB 8060.1C
- Flammability (Tests1 and 4)
- Odor (Test6) ,

. - Compatibility with Aerospace Fluids (Test 15)
• Per NHB 8060.1B

Offgassing (Test7)

• Per SP-R-0022A (ASTM E 595)
Thermal Vacuum Stability

?0
: t'l
t,

t,

!
q
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Test 1 (Upward Flame Propagation)

"- Test Approach:

• Exposed Vertical Sample to Ignition Source That Provided
750 Calories for Approximately 25 s

• Three Samples Tested for Each Test Condition

Observations Made:

• Ignitability

• Burn Length

• I,cnit" n o; ,.ness Material by Transfer
,_ of. ning ,Jebris

Test Conditions:

30% Oxygen in Nitrogenat 10.2 "_sia

L_es_lts:
Sample Burn Length (cm)

Materials _ 1 2 3

Partially Fluorinated Polyimide 5.3 8.6 4.3
•,. ExtrudedErFE 18.3 5.8 8.9

ExtrudedPTFE 5.6 6.1 5.3

PTFE Tape 3.6 5.6 2.5

,,' PTFE/Kapton 4.6 4.8 4.6

: Hote: Onlythe ext,_ded ETFE insulatedwirefailed the test
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Test 4 (Wire Insulation Flammability)

Test Approach:

• Oriented Wire Sample 15 Degrees to Vertical, Internally
Heated Sample, and Exposed Sample to Ignition Source
Providing 750 Calories for Approximately 25 s

• Tested Three Samples for Each Test Condition

..., Observations Made:

• Ignitability

• Burn Length

• Ignition of a Witness Material by Transfer
of Burning Debris

TestConditions:
• 30% Oxyger, in Nitrogen at 10.2 psia

i • Internal Wire Temperature 200 °C !

Results:

Single Wire Bum Length (cm)

Materials ,or SamplesC i" Testedat 200 ,

PartiallyFluorinatedPolyimide 2.5 3.3 4,1
ExtrudedETFE 30.5 30.5 30.5

ExtrudedPTFE 3.0 3.3 3.6

PTFETape 3.3 3.6 3.3

PTFE/Kapton 1.5 2.5 2.0

N,_te:Onlythe extrudedETFE insulatedwire failed the test.

72
A
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Test 6 (OdorAssessment)

TestApproach:

• Subject Sample to Thermal Exposure for 72 Hours
at 120 °F,25.9% Oxygen at 11.9 psia

• Odor Panel Members Administered with at Least
30 cc of Gas from Sample Container

Odor Scale Rating

Undetsctable 0
BarelyDetectable 1
Easily Detectable 2
Objectionable 3
Revolting 4

Results:
Material Odor Rating*

PartiallyFluorinatedPolyirnide o.4
ExtrudedETFE 1.4
Extruded PTFE 1.3
PTFE Tape 1.0
PTFE/Kapton o.s

*AverageResultof 5 Responses

73
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Test7 (Determinationof OffgassedProducts)
i ii

TestApproach:

• SubjectedSample toThermal Exposurefor
72 Hoursat 120 °F, 25.9% Oxygenat 11.9 psia

• After Each Sample Container Was Cooled, Determined
Identity and Quantity of Each Analyzable
Offgassed Product

Maximum Amount of Material Used in
Habitable Area_ of Spacecraft Must Meet

: Toxic Hazard Index Requirement of __.0.5
,i

¢
L

Material: PartiallyRuofinatedPolyimide
i

i Component Toxic Limit Quantity(Pg/g) (Pg/g)

: 1-Methyl-2-Pyrrolidone 0.14 0.05
2-Butoxye_hanol 34.68 0.005
2-Ethylhexanol 230 0.04
Acetaldehyde 6 0.02

,_ Aceton_ 1018 0.03
Acetophenone 350 0.005

._ Benzaldehyde 247 0.005
'_ Butane 7.17 0.005
I Butyraldehyde 168.99 0.005

C10 Unsaturatedeliphetichydrocarbon ?.17 0.005
C6 Aldehyde 3.44 0.005 :

I
4
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Test7
(Determination of Ogassed Produc s), Copt'd

Material: Partially Ruorinated Polylmide - Cont'd

Component Toxic Limit Quantity
(pg/g) (pg/g)

C8 Aldehydes 0.14 0.007
Carbon Monoxide 14 0.05
Decamethylcyclopentasiloxane 271.6 0.009
Dichloromethane 72 0.005
Ethyl alcohol 134 0.01
Hexamethylcyclotrisilozane 324 0.08
Isopropyl alcohol 215 0.02
Methyl alcohol 13 0.01
Methyl ethyl ketone 43 0.005
n-Butyl alcohol 173 0.005
n-Propyl alcohol 140 0.01

Material: Partially Ruodnated Polyimide - Cont'd

Component Toxic limit Quantity
(pg/g) (pg/g)

Nonanal 42 0,007
Octamethylcyclotetrasiloxane 217,39 (_.33
Styrene 60,9 0,005
t-Butyl alcohol 173 0,006
Toluene 86 0,01
Trimethyl silanol 57 0,005
Xylenes 315 0,(;05

Material: Extruded ETFE

Component Toxic I.;mit Quantity
(_g/g) (Pg/g)

Aceta:dehyde 6 0,02
Acetone 1018 0,02
Acrolein 0,04 0,03
Butene 7,17 0.40
C7 Ketone 33,68 0,006
Carbon monoxide 14 0,33
Cyclohexanone 86 0,01
Difluorodimethyl silane 0,14 0,06
Ethyl alcohol 134 0,005
Ruoroaliphatic hydrocarbons 0,14 0,06
Hexamethylcyclotdsiloxane 324 0,01

?5

i
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Test 7
(Determination of Offgassed Products), Conrd

Material: ExtrudedI:'TFE- Cont'd

Component Toxic Limit Quar,tity
(//g/g) (pg/g)

Isobutane 339 0.009 '
, Isobutyraldehyde 63.05 0.03

Isoprow! alcohol 215 0.005
Methyl alcohol 13 0.005
Methyl ethyl ketone 43 0.10
n-Butylalcohol 173 0,005
n-Prowl alcohol 140 0.005
Octamcthylcyclotetrasiloxane 217.39 0.02
Propioneldehyde 136 0,005
t-Butylalcohol 173 0.06
Toluene 86 0.02
Trimethylsilanol 57 0.005

Material: ExtrudedPTFE

Component Toxic Limit Quantity
(_g/g) (Pg/g)

Acetaldehyde 6 0.008
Acetone 1018 0.005
C10 Saturated andunsaturated !

aliphatichydrccarbons 166.23 0.03 !
, C5 Saturatedaliphatichydrocarbon 7.17 0.005 iCarbonmonoxide 14 0,05

Hexamethylcyclotrisiloxane 324 0.01
n-Butylalcohol 173 0 005
n-Prowl alcohol 140 0.005 "i_"
Octamethylcyclotetrasiloxane 217.39 0.01
Toluene 86 0.009 :
Trimethylsilanol 57 0.005
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Test 7
(Determination of Offgassed Products), Cont'd

Material: ExtrudedETFE

Component Toxic Umit Quantity
(#g/g) (pg/g)

Acetaldehyde 6 0.02
Acttone 1018 0.02
Acrolein 0.04 0.03
Butane 7.17 0,40
C7 Ketone 33.68 0.006
Carbonmonoxk_e 14 0.33
Cyclohexanone 86 0.01
Difluorodimethylsilane 0.14 0.06
Ethylalcohol 134 0,005
Ruoroaliphatichydrocarbons 0.14 0.06
Hexemathylcyclotrlsiloxene 324 0.01

Material: PTFETape

Component Toxic Limit Quantity
(Pg/g) 0/g/g}

Acetaldehyde 6 0.005
Acetone 1018 0.005
Allyl alcohol 1.43 0.009
elphe-Methylstyrene 17 0.006
Butane 7.17 0.005
C10 Saturated aliphatichydrocarbons 7.17 0.02
Cl 1-C13 Saturatedend unsaturated

alipnatichydmcarbon_ 7.17 1.1
Carbonmonoxide 14 0.05
Decemethylcyclopentaeiloxane 271.6 0.008
Decane 333 0.04

77
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Test 7
(Determination of Offgassed Products), Cont'd

Material: PTFETape- Cont'd

Component Toxic limit Quantity
(/_/g) (/4_/g)

Dodecane 398.74 0.26
Ethylalcohol 134 0,005
Hexamethylcyclotrisiloxane 324 0.06
Hexamethyldiailoxane 138.43 0.02
Methyl alcohol 13 0,005
n-Propylalcohol 140 0.005
Octamethylcyclotetrasiloxane 217.39 0.03
Toluene 86 0.005
Tdmethyl$ilanol 57 0,02
Undecane 436 0.26

Material: PTFEIKapton

Component Toxic Limit Quantity
tug/g) (//g/g)

2-Phenyl-2-propanol 47 0.005
Acetaldehyde 6 0.005
Acetone 1018 0.005
Acetophenone 350 0.005
Allylalcohol 1.43 0.005

" alph_-Methylstyrene 17 0,005
Cl 0 Saturatedeliphatic hydrocarbon 7.17 0.005
C11-C12 Saturatedand unsaturated

aliphatichydrocarbons 67 0.02
C8 Alcohol 0.14 0,005
Carbonmonoxide 14 0.05

i
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, Test 7
(Determination of Offgassed Products), Cont'd

ii i

Material: PTFE/Kapton* Cont'd

Component Toxic Umit Quantity
(//g/g) (pg/g)

Decamethylcyclopentasiloxane 271.6 O.01
" Ethylalcohol 134 0.005 ,

Hexamethylcyclotrisiloxane 324 0.07
: Isopropylalcohol 215 0.005
> Methyl alcohol 13 0.005

n-Propylalcohol 140 0.005
Octamethylcyclotetrasiloxene 217.39 0.03
Tdmethylsilanol 57 0.01

Test 15

(Reactivity of Materials in Aerospace ,Fluids)
/

TestApproach:

• DuringPhaseI, EvaluatedGrossCompatibilitybyExposing
Materialto FluidatAmbientTemperaturefor2 Hours I

|

• DuringPhaseII, ExposedMaterialto Fluidfor48 Hours
at MaximumSystemTemperature(. 160"F(WhicheverWasHigher) .:

• ObservedPressureRise,FluidComposition,andMaterial
ChangesWhenComparedwithReferenceMaterialExposed
to SameFluid
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Test 15
(Reactivity of Materials in Aerospace Fluids), Cont'd

Immersion Data in Uquid Phase of Dinitrogen Tetroxide

Gas Pressure (psla) Material Fluid Visual
Material Sample Reference Changes Changes

Partial
Partially Fluorinated Polyirnide ND ND Dissolution None

Ext;uded ETFE 128 128 White to None
Yellow

Lettering
, Extruded PTFE 125 126 Disappear?.d None
=

White to
PTFE Tape 126 128 Slight None

Orange

PTFE/Kapton 125 127 Brown to
Orange None

Immersion Data in Liquid Phase of Din_rogen Tetroxide

Posttest Fluid Analysis
(Non-volatile Residue), mg

Material Sample Reference

Partially Fluorinated ND ND
_ Polyimide

_ Extruded ETFE 6.5 2.7

Extruded PTFE 16.7 9,1

PTFE Tape 1,3 1

PTFE/Kapton ND 0.7

8O

i
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Test 15

(ReactMty of Materials in Aerospace Fluids), Cont'd

ImmersionDatainLiquidPhaseof Hydrazine

Gas Evolut. Rate (sccm/hrlcn_ x IOE4) Mstedal Ruid Visual
M_edaJ Sam_ Refemnce Changes Changes

P,_rtiallyRuodrmted Polylmlde ND ND Complete Brown,
Degradation Particulate

ExtnJaedETFE 15 8 White to Grey None

Extruded PTFE 16 9 None None

PTFE Tape 29 8 White to Slight Yellow Yellow

PTFEJKapton 32 6 Brown to Yellow Yellow

immersion Dat_ in Liquid Phase of Hydrazine - Posttest Ruid Analysis
.i

Non-Voknile
Material Purity(%) COz (ppm) Residue(m9) Chloride(Pill FluorideVJg)

PartiallyRuorinawdPolyimlde ND NO NO ND NO
Reference NO ND ND ND ND

ExtrudedETPE 99.7 10 0,6 12 48

_i Reference 99.7 10 0.8 37 NO
ExtrudedPTFE 99.7 10 0.7 35 4.6

Refenmce 99.7 10 0.9 35 2.3

PTFETupe 99.7 10 35.1 44 NO
,_ Ref_rlnce 99,8 9 1 44 Nn

PTFE/l_oton 99.7 9 1.2 41 NO
Reference 99.7 9 0.5 41 NO

8]
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Test 15

(Reactivity of Materials in Aeros.oace Fluids), Cont'd
i i i

Immersion Data ir Liquid Phase of Monomethylh_drazine

Gm Evoke.Rate
tscem/hrlcn_ x 1D_4,_ Mltedml Fluid V'lJ_

Mint Sampke Ref_nmce Chanmm t'_mOes

Pml_lly_ Pt_yimlde NO NO Complete Brown
L I_gTN_

_d ETFE 2 1 Whiteto Li9htY_low
LightYellow=

ExtmdedFrFE 1 1 No_ None

PTFETape 2 I Whim to Yelow Yl/iow

PTFE/Kspton 1 2 Brownto Yellow
Brown/Yellow

Immersion Data in Uquid Phase of Monomethylhydrazlne - Posttest Fluid Analysis
)

,_ Non-VMoI_Ie
Mm_ Purity1%) CO=[ppm) Rmdck_(_) _ I_) Ruod_ _)

Pa_dellyRuork_tQdPolimlde NO NO ND NO NO
Refemece ND ND ND ND NO

ExmxledETFE 99.7 5 0.7 6.9 t60
_.¢:=te_ce 99.7 2 0.3 #.6 NO

SxtnxledPTFE 99.8 4 0.1 2.3 NO
Rafemnc_ 95 % 3 0.3 4,6 NO

PTFETape 99.7 2 49,1 6.9 ND
Reference 99.7 2 0.3 6.9 NO J'

PTFF,JKllpton 99,7 2 27.8 6.9 2.3
Reference 99,7 2 0.3 2.3 NO

82
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NASA Wiring for Space Applications Program
Test15Re_llts

• PFPIwasveryreactiveto Hyclrazineand
MMH,othersslightlyreactive

• Picturesofpre_andpost-testsampleswill
,.__p_nteclInthe finaltestreport

-: VCM Test
m i i

Total MassLossand Collectea Condensable Materials
from Outgassing in a VacuumEnvironment

TestApproach:

* ConditionedSamplefor 24 Hoursat23 °C and 50% RH

• WeighedConditionedSample and ExposedSampleto Vacuum
for 24 Hours(AtLeast5 x 10E-5Torr)and 125 °C

• • CondensedPortionof Vaporson PreweighedCollector
Maintainedat25 °C

• Postter=tCollectorand SampleWeightMeasurementsYielded
Weight Lossand CollectedVolatileCondensableMatedal

• FurtherConditioningof Samplefor 24 Hoursat 23 °C and
50% RH and WeighingYieldedWaterVaporRecoveryValues

83
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)

VCM Test, Cont'd i.

[' i
r

Results:

Matedal Weight Loss VCM WVR
I%1 1%1 1%1

Partially Ruorinated Polyimide 3.44 0.00 0.40

Extruded ETFE 0.31 0.01 0.04
P

Extruded PTFE 0.01 0.00 0.01

PTFE Tape 0.29 0.00 0.18

PTFE/Kapton 0.35 0.00 0.26

Note: All materials pus_l the VCM requirerr.)nt. Only the partially fluorinated polyin.,._,
failed the weight loss requirement.

!
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NASA WIRING FOR SPACE APPLICATIONSPROGRAMTEST RESULTS

Jim Ide
McDonnellDouglasAerospace-East

St. Louis,Missouri _'/O - _..J

i

FY'94-'95 TestingActivities /'_- (
McDonnellAerospacerrRw

• Objecffce: Tobeginexaminationofmechanicaland
electricalpropertiesofPFPIinsulation. _

• Tests: AC Corona: 400 Hz,sea level & 60,000ft.
Time/Current to Smoke
Wire FusingTime
Abrasion Resistance: 25°C & 150"C
Dynamic Cut _rough
Notch Propagation
Weight Loss(Outgassing)

• Principal Jim Ide
Investigator: McDonnell Douglas Aerospace - East

• Note: Immature manufacturing status of the PFPI
material for wiring use resulted in degraded
samples and must be considered when
observing test results.

,D
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CORONA RESULTS AT SEA LEVEL :

, 1100

1 050 M81381 INCEPTION

1 000

m 950
'" =E 900

=" 850

- 800
750
700 I I

1 2 3 '

SPECIMEN NUMBER

CORONA RESULTS AT ALTITUDE

7OO
M81381INCEPTION

65O

6OO
M81381EXTINCTION

(_ 550 '==!
W PFPIINCEPTION> 500 I ,,,

450 PFPIEXTINCTION
I .LJ. I I I I I

400 " '

350 I I
2 3

SPECIMEN NUMBER
I

DYNAMICCUT THROUGHRESULTS !
I

BMO1301 !

w 100IQ

. ;

B _

_ 40
4 _ 2

23C 70C 150C 200C

| TEMPERATURE ,,
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NOTCHPROPAGATIONRESULTS

100"__ BM81381 [

°'9""- I PFP,

0 2

0.25 0.50 0.75

MANDRELDIAMETER

ABRASION RESULTSAT AMBIENT

m_ 1400T 1295
1200+ I m M81381

_II] 1000+ l

_UII BO0+_l •PFPI

0_ 4°°"I"_ 171 194
" _oo.I._ _ - s7 37
_< 0/ ..... I " I ,

lib 21b 31b

WEIGHT (LBS)

ABRASION RESULTS AT 150 DEGREES C i
]

: ,ool:lmI .,..,-,-. 500

OO m :-
200

_, lOOf_. 40 19.15 7 .
0__

lib 21b 31b

WEIGHT (LBS)
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WIRE FUSING TIk;E

30 M81361
=_ 25 __ = -= "-

_ 2o

• Zl 8 15 " - -_' -- - PFPm_" - -

I= 0 I I I I
2 3 4 5 6

SPECIMEN NUMBER

|

WEIGHT LOSSIOUTGASSING

ZL
O m 1.5n%.

o_

• !S 1.oo_,. []MS,S81

_ 0.50%- iipFPi
"°i_ o.oo_eL

5% RH 95% RH

RELATIVE HUMIDITY
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L

TIME/CURRENT TO SMOKE

30 [] M81381

W is

i=:O20 m_15

o
0 _

35 40 _5 50

CURRENT (AW.PS)

Conclusions

• PFPI& MIL-W-81381/7similarforAC
Coronaand DynamicCutThrough I

• All other tests, PFPIdid not perform well I

• PFPImanufacturing process needs to be .
upgraded '

: 89
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NASA WIRING FOR SPACE APPLICATIONS PROGRAM TEST RESULTS

Javaid Laghari and Jayant Suthar
State University of New York at Buffalo . 4-

Buffalo, New York

FY'94 - '95 TestingActivities
Universityof Buffalo

• Objective: Investigatetheelectricalbreakdown properties
ofthecandidatewireinsulationconstructions.

• Yes/s: Dielectric Strength: 23*C,200"C
TimeTo Breakdown: 400 Hz,200"C

ASTMD-149

• Principal JavaidLaghariand JayantSuthar
Invesh'gators:StateUniversityofNew YorkatBuffalo

NASAWiringfor Space Applications Program

DielectricStrengthof WiringInsulations

Insulation
System 23"CkV(o.p) 200"CkV(o.p)

MIL-W-81381/7 25.7 22.5

MIL-W-22759/12 14.2 12.3

MIL-W-22759/34 28.9 20.7

Thermatics 14.3 12.2

Filotex 10.2 6.7

Tensolite 14.2 14.0
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NASAWiringforSpace ApplicationsProgram

Time-To-BreakdownCharacteristicsof WiringConstructions
at 200"C and VariousElectricalSITesses

25
l-_le _L-w-msln

_. '-*- -rI A MIL-W-22759/12
....... [ V Mll.rw-22759/'34

> 20 V .......i........ [e Thcrmatics
"_ ""-.."...... _ I • Filotex

-'_ ........ix7....

=_ 15 D.... ".......iiiiiiie...
8" ..... "......... ""V.........

_o ":::.:A.._e.... ...

': A:.:..O::. .
.... "" ;V..

•_. ".'.'._',
5 ................. I1..

0
I0 I00 1000 I0,000

TimeTo Break(See)

NASAWiringforSpace ApplicationsProgram
- Final Conclusions

• In processof completing final in-housetesting.

• Finalresultswillbe printed in program final
reportwhich isto be completed.

92
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., N96-17088 4,

COMPARISON OF ARC TRACKING TESTS IN VARIOUS AEROSPACE ENVIRONMEI_.'TS

Thomas J. Stueber
NYMA, Inc. _//_ ,L

NASA Lewis Research Center .-
Cleveland, Ohio '=

, F

L and "- f/I
David McCall

Cleveland State University
Cleveland, Ohio

I. LeRC Arc Tracking Test Parameters:

A. Probability of Initiation
; B. Probability of Reinitiation"

C. Extent of Arc Tracking Damage

i II. Aparatus

A. ACE Belljar (Vacuum and atmospheric pressure, lg)
B. Spacecraft Fire Safety Facility (SF)2 (atmospheric, micro-gravity)

HI. Sample Description

IV. Procedure

V. Arc Tracking Test Results:

A. Bareell Wire & Cable Corp. M081381/7-20 28427

1. Atmospheric Pressure, lg
2. v'acuum (10_ Ton'), lg
3. Atmospheric Pressure pg

B. Filotex Filartt ." TSC1G20

I. Atmospheric Pressure, Ig "
2. Vacuum (I0 _ Ton'), Ig
3. Atmospheric Pressure pg

C. Tensolite TLT-200-20S

1. Atmospheric Pressure, lg
2. Vacuum (10_ Torr), lg ""
3. Atmospheric Pressure pg

VI. Discussion

93
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_orenson j-, 300-6B --_ Tes± Speclmen

0-300 Vdc
0-6a,ps n_ l Ini±iat

• S±alntess S±eal
"_ AVG 28

Curren± Envlronmen±

Limi±lng Feed_hrough
Reslstor

94
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l

i

Mil-W-81381 Filotex "rcnsolite

Filart©x TSCIG20 TLT-200-20S

#g, lg, lg, /_g, l f,, If. #g, If,. lg,
latin latin vac latm lalm vae latin latm vac

Number 78 124 111 6 17 6 46 10 0 '"
Of Tests

Mean 0.11424 0.09098 0.01675 0.35333 0..-Y7583 0.13317 0.29674 0,12355 m

Std Dev 0.0'7834 0.04495 0.02302 0.25800 0.25312 0.10101 0 20804 0.10931
o

Std Err 0.00B87 0.00404 0.00219 0.10533 0.06139 0.04124 0.03067 0.03457

95% 0,01739 0.00791 0.00428 0 20644 _.12032 0.0el_3 0.06012 0.06775 m
Cord.

99% 0.02289 0.01042 0.00564. 0.27175 0.15839 0,10639 0.07914 0.08918 ---
Conf

t
Table IV. Value units are inches. Duration of each test was 16 seconds.

95
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Mil-W-81581 90 Vdc
Statisticcl Travel dist. (16 sec)

s

0.20

i

0.15 I" !
0.' 42

°-¢= 0.10 191
(=_ ,,

o.o_ N_
0.d168

78 124 111 Size

Og, atm _ lg, atm _ lg, vac

Arc Tracking Restrike
Statistical Travel dist. (16 sec)

81381 _ Filotex _ Tensolite

!

0.60
90 Vdc

I

0.40- '_
¢o
(_" = 7= : O. 0.2758

0.20 [0.111 6 2

ooo .- m _.!i
Size 78 14 46 12417 10 111 6 0

/_g, atm l g, arm l g, ,/ac

%
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Mil-W-81381, lg, 1 atm pressure
Burn Length (16 second durotion)

.... A... 41.49 .... A .... 05.41 .... -'¢.... 90.4,8 .... /k.... 1119¢,,9_ AVE

--. 200

• _ 160
X

120 _, i ,

- i

:_ :

m 0 _
40 56 72 88 104 120
41.4

Applied Volts (Volts)
25Ct Current Limitor

Tensolite, lg,1-( 1 arm pressureBurn Length 6 second duration)
.... _'"" 87.79 .... A.--- $7.91 .... A.... 123.5 .... _,.... 179.C _ AVE

_, 400
r,')
I _g

uJ 320 \ _ "
x "_) :

- r" $ :

_. 240 i + $: I

^

_-u_ 160 :: -: _ :
® + _ j
_- 80 _ " "I

m 0 ,I,
40 56 72 88 104 120
45.5

Applied Volts (Volts)
25 £_Current Limitor

9?
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Filotex, lg, 1 arm pressure
Burn Length (16 second duration)

.... A.... 220.16 .... A .... 319.11 .... A .... 261.54 .... A .... 175.39
AVE: --+-- _+_

•_'- 625 \ - ._
I ", '$ :
'" 500 \ _ _ _ "
X

c /_g_ :
! i A I375 . .._---_x. ,. _- :

i _o, 250
"' _D : ;

-J / ' i

_- 125 // L \
m 0 '_ '_ '"

40 56 72 88 104 120
46.7 128

Applied Volts (Volts)
25 £2Current Lirnitor

L
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ARC TRACKING OF CABLES FOR SPACE APPLICATIONS N96- 17089
Test Results of Selected Cables

D. K6nig, F.R. Frontzek, and J. Hanson _/._ - .2. 0
Technical University of Darmstadt " "_?_.'_, j

High Voltage Laboratory " ._
Darmstadt, Germany

H.J. Reher t
DASA

Bremen, Germany

and

-j

M.D. Judd and D. Bryant

ESA/ESTEC
Noordwijk, The Netherlands

Contents:

: 1 Introduction

2 Test Concept

L 3 Test Equipment !• l

4 Test Results

5 Conclusion / Future Activities
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4.

.5

Introduction

Background:

• Space Missions with Wiring System Failures

• Failure Modes:

Pyrolysis
Arc Tracking
Fault Arc Propagation

•,, Comparison of existing methods and standards
:' covering different aspects of arcing and arc tracking

No appropriate arc tracking test for space application
available

.- Aim:

Development of a new test method suitable for the
assessment of the resistance of aerospace cables to arc
tracking fore different specific environmental and
network conditions of spacecrafts

102
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Test Concept

TEST CONDITIONS

Test Environments:

_Normal Air at atmospheric pressure
_Dry gas mixture of 30 Vol. % 02 and 70 Vol. % N2 at a pressure of 700hPa

(emergency conditions)

_ =_Dry gas mixture of 24,5 Vol. % 02 and 75,5 Vol. % N2 at atmospheric
pressure

_Vaeuum (l__10-2pa)

Test Voltage:
_ac_ording to that, expected to be applied in the Board Network
_quasi-constant in the range ol 125V...132V, DC

Test Current:
--:,Adjustable, depend on rated current

TEST SPECIMEN

• A bundle of seven 200 to 250ram long cables
• The predamage is induced at two cables and placed in the middle of

the cable length and at the bottom of the horizontal positioned cable
bundle

• Exploding wire igniter is connected to the two predamaged cables

" _._20to30 _20to30.: _.20to3_

_5 ? _ _ ....2 _ ! , , _

103
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Test Concept

TEST PROCEDURE

• Assembly of Test Specimen and Installation in the Test Chamber
• Generation of Test Atmosphere (Vacuum, Oxygen Enriched

Atmosphere, Normal Air, etc.)
• Adjustment of Test Current
• Activation of Test Recording Devices (Video, Transient Recorder, etc.)
• Arc Initiation:

-- Start tip in Switching Cycle: t_-tp-t_
- As a first approach: ts= 10s, ts= 3rain

• Performance of Post Test Measurements

TEST ACCEPTANCE CRITERIA

1. Fora defined test voltage, test current and for a defined environment, all
conductorsof all five test specimenstested have to pass the continuity test

2. All cables of all five test specimens, tested without the predamagedcables,
have to fulfill the requirement of insulationresistance test, i.e. the insulation
resistance between the cable under test (all other cables of the test specimen
are short-circui0 must be higher than 0,5Mr2

•_ 3. During the reapplicationof the power for i0 seconds, following the three
minutes pause, no visible arc or glow activity is acceptable

: 4. If only one of all testedspecimem fail, additionalthree specimenshave to be
tested. If during these additionaltest series the accept criteria 1, 2 and 3 are
fulfilled, the cable has passedthe test successfully.

If these requirementshave been met for the specified environmental
conditions, then the cable tested shallbe classified in different classes with

:. respect to its are tracking resistance fora given test voltage and currents
below or equal to the rated current in considerationto the environmental
condition.

104
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Test Concept

,._, _,_1_7-'°,_ _' II

fail pass fail pan

1 -- I _'- .
V V _
t * 'l '
t I I I
I I I

', I t I , I I , 1 l _

0 12,5% 25% 37.5% 500/0 62,5% 75% _,s_ 1oo._ It/Ir
I

1

ie=( _*I,

/_T_: _ It -- TeSt current ,

[

[

i

105
,

i

1986109911-106



1

Test Equipment

i

t
!

1
i
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Test Equipment developed and
, supplied to ESA and DASA

107
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i

' Switching Cycle, Measurements and
Evaluation Criteria

i. [i:'"-'::!,-i:::.:ii:.:i:i:!!:"i'::'."':' " :""' .... ' ' '::: :':":':'"":': :: ::' " ":""1:, ]i_.:i:::;::::i::-"_:::i:::.i_ii::_i:!i.ii:iii!i.lii})Test cycle ::.;::!:..!.i:"!i.ll...:..: :,:_.:-::::;

-_ 10s _ 3 min _, 10s

.,F

°°o

/

- Post test measurement

Continuity check
- of conductors

-Video recording -Insulation resistance
Recording of arc current

-(transient recorder) - Lenght of arc traces
Recording of arc voltage
(transient recorder) -Post test inspection

Purpose of the test:
, Determinationof the ability of wire insulationmaterials and cable

constructionsto resist arctracking
* Measurementof the Arc Tracking Current Limit

Advantages of the test method:
, Achievementof a distinctionbetween,or a classificationof different

typesof cableswithrespectto AreTlackingfrommaterialpointof view
* The determined"ArcTracking CurrentLimit" is an importantparameter

neededfor the design of the electricalsupplysystem and relevant
electricalprotectionmeasures

108
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Typical Transients of test current I,rc
and arc voltage U,rc

I_/A _ ate current

2,.5 _" ! I I ! I I I L . ; 7._

! 2 3 4 5 6 7 8 9 l_0tIs 1 12

"_ arevoltage d_self-extingui.cingarcSE)
/

2_ p__"q' _ , I'" , , , * , ;_..-

1 2 3 4 5 6 7 8 9 10t/s I1 12

7,52"_I _ ! I= 1 | I .=.--

1 2 3 4 5 6 7 8 ; i(_lSll 12

°-al
75 +

L , .... , , ,,,,%,,
i 2 _ 4 s 6 7 s 9 lbtt'ti\li"-

I.,.tAI arcexlia_oe a.t_ercurrentinterrupUonbythet.mnt_tor(CI)

12

. t a_cvoltage

- _ ' _' ' _ i'0t Is 'I 2 3 4 $ 6 7 8 9 I'! 12

lm/A

1 2 3 4 5 6 7 8 9 I:Gt/$ II 12
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Evaluation of the current and voltage
transients

r

a. Arc extinction caused by low resistance short circuit of
conductors (R)

(conductive material generated from molten insulating material and
conductors bridging the conductors)
• propagation of glowing insulation down the wire bundle (continued

pyrolization)
• arc reignition risks

i • damages of adjacent cables, loss of the wire bundle
,,

b. Self-extinguishing arc without reignitions (SE)
• very often no loss in wire bundle performance

c. Arc extinction caused by clearing of the control circuit
breaker (CI)

- (Under practical conditions a stable arc with a duration, exceeding the
test duration time of lOs, has to be expected)
• propagation of a fault arc down the wire bundle 6

• damages of adjacent cables, loss of the wire brindle

d. Arc extinction caused by metallic short circu:t of conductors i
Ovl)

• lost use of a wire pair within the bundle

'l

i

110
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Table of cable types tested

Sample- ESA Wire Insulation Layers
No. SCC-SPEC Size

[AWGI
I

1/20 20 PI' eI el
3901 001

1/12 12 PI PI PI

1A/20 3901 002 20 PI PI

2120 3901 007 20 "' PI PI PTFE

3/20 3901 009 20 PTFE PI pI
4/20 3901 0i2 20 I_TFE

5/20 - 20 Hybrid
6/20 - 20 PTFE PI PTFE

7/20 3901 01"3 " 20 PTFE P-I
8t12 3901 008 12 PI Pl PTFE

AWG" American Wiring Gauge

ETFE: Ethyl ene-Tetrafluoro-Ethylene
PTFE: Polyt etrafluorethy 1ene
PI: Polyimide
Conductor material: Copper/Silver

III

m ¢
i
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4

Average values of arc path length S.r_

6o / Test current: it=lO A[-JNo.:3/20 53 I

"-I

,o
30 23 _ _ 24

.21_ -- ___2_1_.5__ __.21._r_L=t_.q_J._.A _._

20 _-;.-.'...'_' : : - . -. _7

0 / /'2

NormalAir 30%O2/'/0%1_ 24,5%O2/75,5%Nz Vacuum
p=700hFa p=0.1MPa

/] SampleNo.: 81127O /

--,I- 1:36A ............................... 60" ......

;/'arc"mm " .._mlSA_............. 60 .....................

,L5O

t" I

40 ' I
,1" ................

t'l

30 " =
4" ........ 19,5 - - -

/[
20 " " 13

10

o/ 7
NormalAir Vacuum

112
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Average values of arc duration t,_c

J Test current: It :t0 A lo.9s
121 0 No.:4r20

-_-_.-_o................................... 1_1_1--
t,_s __-_.:__....................-_-........___

4 .........

2 _).52

0

NormalAir 30_f_2/70_N2 24,5%02/75.5%N2 Vacuum
p=7OOhPa I_0,1MPm

1

113
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"-,1

Average values of arc propagation
velocity v=_

/ Sample No.: 8/12
[::16A 4.5

_rc_ _ Z__A_
mm/s ., .m15A

4

3

2

i

1

/
o

NormalAir Vacuum

Tes_current:I t=10A

r_ No.:2/'20

.................................
16 i 14.4 14,5 14.-06 14,oo

Varc/ i'" .............mm/s
12

10

8 .... |.;.:, ---5,

2 .,:,r :,-:.,;,.

I
0

NormalAir 30%02/70% 24,5%O_/75,5%_ Vacuum
t p=700hPa 1_ p=0,1MPa
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values of coefficients kt, k., km and
kAMfor cables No. 2/20 and 3/20

7%

o%
2/20 3/20 2/20 3120 2/20 3/20 2/20 3/20

k I kll kll I kAM

kz Numberof cableswithdamagedconductors Numberof cableswithdamagedinsulation
= Numberof cablestested kn = Numberof cablestested

predamagedcablesarenotconsid_ed

i km= Nurnborof tests, at whichduringtime interval T2glowing and /orarcingwas observed
Ntnnber of tests performed fora given test current

Ntanber of tests, at which duringtime intervalT2 the arcmodes R / CI were observed
kAM=

Nur_.berof tests performedfor a given test current

115
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Post-test measurement results:

Continuity eheek of conductors

Conductors without Continuity (Wire-No.)
Sample_ _Insulation " Test.- ] --Normal 24,5Vo1.-% 02 Vacuum •

.No/wire "iLayers* LCurren t [ Atmosphere 75,5V o1-% N2 ,-

AWG _ ltesttA." Te 1 Test 2 Test 3 Test 4 Test 5 Test 6

[ 1/20 ::_pI,PI..PI " 10 4 3,4,6 2.3,4,7 - 2,3 4

i A/20 PI,PI 10 7 - 3 3 3

-2/20 PI, PI,PTEE 10 - 3,4 3 3,4 3 3

i 3/20 " IP_TFE,PI;PI ..... IO- _ 3,4 - 4 3
• h.. ; ir . • [

4/20 _ETFE: . " " 10 - - 3 3
I I I I

:-5/20 :Hy'0 ri ct -10 2,3,4.7 3,4 3 2,3,4 3

6/201 . " tT_,_I,rT_E i0 - 3,4 3 3,4 3,4,7 3,4,6 3

• '..7t20. PTFE,PI: " 10 3 3,4 4 3:4 3 3
t/1-2 PI,P_I,PI 30 4 3 - **

"" 4/20" ETFE " 30 : 3,4 3,4 NT 3,4 NT NT

* Materialgiven from the conductorposition NT: not tested
** Test current: It--10A

i*r
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Post-test measurement results:
Insulation resistance check

Insulation Resistance < 0,5 M_ (Wire No.)
Sample Inselat_ion- Test ! Normal_ • 24,5Vo1.% 02 Vacuum

No/wire -Layers*" Current . Atmosphere . 75, 5Vo!-% N2
&WG ltest/A Test 1 ,Test 2 Test'3 Test 4 Test 5 Test 6

i II

• 20fl " PI,PI,PI " I0 1,2,7 2 2,5,6,7 5,7 2,7

20/IA _Pi,pI 10 5 5,6,7 5,6,7 2,7 1,2,7

20/2 - " PI;PI,PTFE 10 - - 7

20/3 PTFE,PI,PI 10 . 1,2,7 2,5,7 5,6,7 2,7 2,7
20/4. ETFE _10 _- - 5 -

-20/5 'iH_brid _ _ .. IL0" 1,2,7 - - 1,2,5, 1,2,5,

.... 6,7 6,7
-- 1

'P.TF't_._PT_. _-''".... .-" . ._lO. 2,5,7 - - 1,2,5, 1,2,5, 1,2,5,

PTF..E.. 7 6,7 6,7

20/7 PTFE,PI I0 - 1,2,5, 2,5,6,

" .. 6,7 7

12/1 PI,PI,P[ " _.h 30 2,7 7 7 NT 1,2,5, 1,2,5, °

..... 6,7 6,7

20/4 E-T-FE 30. - NT NT NT
ii

NT: not tested

117
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Activities during the
reapplication of the power

Visible Arc and/or glow activity during the

_ reappl_cation of the power (Wire No.)
O

Sample insulation. Test Normal 24,5Vol. '/e 0 2 Vacuum

No/wire Layers* Current Atmosphere 175,5Vo1.% N 2

AWG ] Itest/A Test I Test 2 Test 3 Test 4 Test 5 Test 6

20/I Pi,PI,PI,.. !0.. S NA o G. G O
_2011A PI,PI I0 " NA NA G G O G

20/2 Pi,PI,PTFE. lO NA NA NA O NA NA

20/3 PTFE,PI,PI 10 G G G G G G

20/4 ETFE 10 NA NA NA "_A NA NA
J , ,,,

20/5 Hybrid ,10 o NA NA NA NA NA
t

,i 26/6 PVF_.PI..PTr_ 10- S NA NA S,G NA G

i 20/7 PTFE,PI 10 _ NA NA NA NA NA NA

; 12/1 PI,PI, PI 30 G G G NA** G G

20/4 ETFE- [- 30 NA NA NT NA NT NT
i

* Material given from the conductor position NT not tested

_. ** test current 10A

Abreviations: G : Glow

A : Massive Arcing

S : Short Arcing

NA: No action
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Test specimen after test cycle
Sample No.: 8/12; Normal Air

Cable type : AWG 12

F" _ -Specification: 3901 008
L :d Current: Ir = 23 A
Insulation material: PI/PI/PTFE

Conductor material: Cu, Ag coated
Atmosphere: Normal Air

Test Current: It : different

119
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i

Test specimen after test cycle
Sample No.: 8/12; Vacuum

Cable type : AWG 12

ESA - Specification: 3901 008
Rated Current: lr = 23 A
Insulation material: PI/PI/PTFE

Atmosphere: _-Cu, Ag coated
Conductor material: "" Vacuum

Test Current: It" different

it = 30 A

it = 15A

It = 7.5 A

It=6A ._

_tlItlIltiiltI'lliilillI!'l!iI;t'IHiilii_iii(!llt(qtlltlll_il;i"_i',i_*i_,]i;l:Wq.'P_l!:itll'_'/(,:,_
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J

Test specimen after test cycle
Sample No.: 2/20; it = 10A

t
!

Cable type • AWG 20

I

ESA- Specification: 3901 007
Rated Current: Ir = 7.5 A
Insulation material: PIIPI/PTFE
Conductor material: Cu, Ag coated

Test Current: it= 10 A
Atmosphere: different

24.5 Vol.% O,
1000 mbar "

30 Vol.% 02
700 mbar

Normal Air

3t ' 4! ' 51 _ 61 1!0 ' 111 ' 112 ;
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Test specimen after test cycle

Sample No.: 3/20; It = 10A

Cable type : AWG 20

ESA - Specification 3901 009
Rated Current: Ir = 7.5 A
Insulation material: PTFE/PI/PI
Conductor material Cu, Ag coated

Test Current It= l0 A

Atmosphere: different

Vacuum

24.5 Vol.% 02
!000 mbar ,¢t ;

30 Vol.% 02
700 mbar

Normal Air '_- ;; _ _

122
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1
Test parameters applied at arc tracking tests .On earth" of ;:

cables AWG 20/2 and AWG 20/3

. En v i'r"onm e n t al condition
i, ,, ,, ?, ,,,, , J i I

:'- *:'-- _ " '- : -_ - Rat_Voltage " ' ' " -1 ' _ Voltage Range

•¢__!¢T_ ! ! -_ :l _ooa___i _ _' • : ..... ' " .- ¢r_2.0_2): :-- - -:- i" 1000m_ ,.24,svot_O=.. ,, - . " 1000m_

x_o'_,_:_,m m: ....m [] m n n unnnnnnnn innnn
-_ k,e.t_"unU _mn' U_tn nn

A,_o_.._._._Im m m m'm m mn n n n _ nlnnunnunln innnn
-m _.,;-_:inan nan nan 'xm

i ii |

4

Main units of the planned pg-Are
Tracking Test Equipment

[ pg-Are Tracking Test Equipment 1

I u |. 1_ 1
I t. Is.**_l
j,c_._.> I_'_" I

i
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Conclusions

• The available test results indicate that _e new test n___hodappearsto
be valid and suitable for testing and screening the arc tracking
characteristicof aerospacecables

• The results obtaine_provide informationabout conseouences expected ,:
after reapplic_ioa of power and assess the ability of cable to further
operateafterarc trackingevents

• The new test provides knowledge with respect to the behaviour of
cables underarcing conditionsfordifferent environmentsincluding that
of vacuum, which has not been taken into account in all test methods
available up to now. In many cases vacuum bas turnedout to be an
importantworst-caseparameter

• The test system works eq_:a!ly well whatever the chosen test
atmosphere.The tests do not take muchtime compare_to other known
arc tracking tests. The new test method and the assembled "test
equipmentallows one to achieve a distinction between or classification
of different types of cables from a materialpoint of view

• Furthertesting work needs to be done to investigate the important
parametershaving influenceof arc tracking consequences on aerospace i

- cablesof differenttype andsize

• A second test set up has been constructed for ESA/ESTEC and is •
presentlylocated in the laboratoriesof DASA at Trauen

s A construction of a new equipment,based on the principles described
above, to investigate the phenomenon under microgravity conditions
(parabolicflight) is underwork ,.

)
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N96.17090
AN ADVANCED ARC TRACK RESISTANT AIRFRAME WIRE

J. Beatty .:--

Tensolite Company _'_ 3 - 3

St. Augustine, Florida f" '-,-../1
k.,

HISTORICALANALYSIS:
TBVSOUTECOMPANY
TUFFUTE*2000

. TUFFMTE2000
DETAII._DPRODOCTANALYSIS

INDEPENDENTTESTDATA:
BOBNGBItS/3-6O
USAIRFORCFJMcAIRC.R.AD.STUDY

BENEFITSOFFEREDBYTUFFI.ITEib2000

- Tensofite is a custom cable manufacturer

- Specializing in high teml_eraturematerialsas the
dielectric medium.

- Expertise lies in:

- Aerosqace/Airframe
- Specialty Electronics

. Expanded PTFE
" - Foamed Thermoplastics

- Mil-spec
- Engineered Solutions

ir

*Tufflite 2000 is a tradename of a product manufactured by the Tensolite Company. Trade names or
manufacturers' names are used in this report for identification only. This usage does not constitute an
official endorsement, either expressed or implied, by the National Aernnautics and Space Administration.
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- In-house technical services that facilitate application specific cable designs for

the following markets:

- Automated Test Equipment
- Telecommunications/Communications

- Surgical/Medical Instruments
- Ultrasound Scanners

- Minimally Invasive Surgical
- High Resolution Video Camera
- Patient Monitori._g
- Endoscopic (Powered Devices)

_._ . ControFlnstrmnentation
- Oscilloscope
- Logic Analyzers
- Computer

- Large System
. Peripheral
- Workstation

- 3D Graphics
- Aerospace

; - Airframe

i - GPI/TCAS
- Satellite

! - Missiles
; . Military Avionics

/

i
HISTORYOFTHET£N$OL_£ COMPANY

1941 StartedOperationsinTarrytown,NY !
l

1951 Firstto UseTeflonas Insulation l

1960 Becamea Subsidiaryof CarlisleCorporation
1962 Rrstto useKaptonas InsulationMaterial

• l;

1978 Movedto Buchanan,NY

1979 Firstto IntroduceTPC ConductorwithKaptonInsulation

1985 Patentedthe Processfor Extruded,ExpandedPTFE
(Insulationusedfor highspeeddatatransmission)

1988 DevelopedTufflite 2000 InsulationSystem

1989 Movedto St.Augustine,FL "

1993 ReceivedPatentforTufllite2000
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AIRFRAMEWIREDEVELOPMENT

1962 Kaptoninsulationsystemintroducedto airframemanufacturers.
TENSOLITE: Oneof firstto be approvalfortheseconstructions.

1979 IrradiatedTefzelinsulationsystemintroducedto airframe
manufacturers.

1980 USNavybeginsto reportARCTRACKINGproulernswithKapton
Insulation.

1982 TENSOLITE: Beginsdesignof multHayemdinsulationsystemto
reducearctracking.

1986 USNavybansKaptoninsulationfrom1heiraircraft. (US Air
Forceis undecided)

1987 USAirForcecommissionsMcAirto determine:'New Insulation
Systemsfor AerospaceWiringApplications."C.R.A.D.Study
(CustomerResearc.,AndDevelopment)

1988 TENSOUT£: Improvesmulti-layeredconstructions;makingan
insulationsystemto answerall issueswithminimalcompromise:

TUFFLITE 2000

1989 TestingbeginsonUS Air Force/McAirC.R_,.D. Studies.
BoeingbeginstestingforNew GeneralPurpose,ARC
RESISTANT,Airframewire.

TENSOLITE: SubmitsTUFFLITE 2000samplesto Boeingand
AirForcetests.

1991 BMS13-60 Documentreleasedconcerningallpurposearc
resistantwire.
TENSOUTE: Firstapprovedsourcefor BMS13-60 Document. ii

USAir ForceC.R.A.D.Studycompleted. !
,. TENSOUT£" TUFFLITE 2000 foundsupedorto allavailable L

airframewires.

.?

)
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TUFFLITEDESIGN

Conductor

Ruoropolymer
CompositeTape b

Polyimicle (Fluoropolymer/PolyimicleJ
Ruoropolymer)

Fiuoropolymer

Fluoropolymer

Polyimide

Ruoropolymer PT1FEOuterTape

(ExcimerLaserIhrkable)

USAIR FORCE/McAIRC.R.A.D.RESULTS

1. FILOTEX* 8.22
2. TENSOLITE 8.23

3. MIL-W-813q1(KAPTON) 9.21

4. TELEDYNETHERMATICS 9.39

5. NEMA 10.48

6. MIL-W-22759(XI. ETFE) 11.38

* This submissionis not manuMctumbleon anIndustrialscale. It
was processedin laboratoryconditions,and Filotexdoes not
have plansto develop it into e productionconstruction."

As quoted from USAir Force/McAIRC.RJ_.D.Document,section
12.0; Observations.
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Screening Tests
t

T_ Document Weight ,

• Finished Diame_ S-901 4.2
• Finished Weight S-902 40.
• Workmanship S/M -4.1.4 3.0

• Stiffness and $pringback S-708 4.2
• Dry Arc Resistance S-301 53
• Flammability S-801 4.3
• To_cky , B0482 5.0
• Fluid Immcrs_ S.4501 4.5

• Verification of Re;ained Properties:
- Heat Aging (I,000 hr@ 200°C)
- Abrasion A-D09,16 53

- Dynamic Cut Through S-703 4.5
- Flex"Life S[M - 3.9.6 5.5

- NotCh Propagation S-707 5.0
- Vohage Withstand S-510 5_q
- Insulation Resistan_ S-504 4..q
- Examine Product S/M-4.1.4 3.0

Avg ffi4.6

Full Performance Tests

Test Document ,. Weight
.,.', =, '_...i..:'_._ , _,

Corona Inceptionand Extinction " ' S-502 :...... "" =. ....._'3.3.
Surface Resistance S-506 2..2
Time_urrcnt to Smoke -' S-$07 ""| 3,3
Wet Arc Tracking S-509 3.2
Wire FufinS T'm_e S-511 3.2
Forced Hydrolysis S-602 3.5
Humidity Refistance S-603 4,5
Weisht Loss _Outsassing) S-604 _' .' _2.2
WeatheringResistance S-606 3.5
Wicking S-607 3.5 i
Abrasion A-D09.16 5.2 1

i. Cold Bend S-702 3.3 [

I Dynamic Cut Though S-703 4.8
Hex Life S/M- 3.9.6 4.7 i
InsulationImpact Resistance S-705 3.1 :
InsulationTensile Strength S-706 3.2 "
Notch Propagation S-707 5.0
SmokeQuantity S-803 4.3
Thermal,Index S-804 4.0
Thermal Shock S-805 4.0
Wire Surface Markability , DMS 2325 ' I ....... 3.8
CrushResistance A-D3032 3.0
Aging Stability- SJ Cable M-4,5.10 3.0
JacketWall Thickness- SJ Cable F-1018 3.3 •
Wire-toWirc Rub DAC Procedure ' TBD

Dry Arc Prop-LargeGauge, ThermalAge _ BSI No. 43 _:: TBD
270VDC Dry Arc Pmp..No Protection S-301 TBD ,
270VDC Dry ,Arc prop..With Protection CuDust TBD
270DVC Dry Arc Prop..LargeG,,up, Ino_g_ic Od_ust TBD
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BSI DRY ARC PROPAGATION TEST
RESTRIKE POWER APPLICATION TEST RESULTS

AVERAGE CURRENT DURATION (MILLISECONDS)

25
gloo

2O

15

105 L .... i + .• . l • •

_r M22759 RLOTEX TENSOLITE THERMAlICS NEMA

iNN RU" A l RUN B r'] RUN C I
L I

'JrM81381was nottestedduetoitsiXOl_nSltyforArcTracking,

WET ARC TRACKING HARNESS TEST RESULTS
22 AWG, S.8 MIL WALL, HOOK UP WIRE

,_ AVERAGE LENGTH OF"DAMAGE (INCHES)
6 L

i_ 5

4 ._

3
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DYNAMIC CUT THROUGH TEST RESULTS
22 AWG.8.6 MK.WALl-,_ WIR(

80

\ I
70 / \

/\
/\

60 /\
/\
/\ 7 _-

i _ /N / //X / /
/\ /_ /

"' /N /N 7 /
4° /N IN 7 f_ i

,,o /N /N / /N /_
,., /N / N / "_ / N

,., /_N I N /N f N / N :

'" _ /;N / \ /N / \ / N /20 _N ," N /N J/N ]/N
/N /N /N ,/N I/N f

/N fN /\_ I\ ]/N /

-_N / \ _,/N / N / N /

'° "_/_N /N_I_ /N /N IN /
N /\ ,_N /\ /N /

MO12ml M22759 F'n..OT'E_ _ Ii_3 THE:RMA_ llP3 NIEMAlJ13 _"

INSULATIONCONSII_CTION '?

I_GOIE$._ - _ll_IIC CUTZIBItOIJGBTESTIU_I_TSr
Z2JU_r 8.6 I¢[L_I,I._ AZlI,qUU_FlU

.i FORCED HYDROLYSIS TEST RESULTS
'i 22 AWG, $.8 MIL WALL, HOOK UP WIRE
!

t _ER OF SPECIMEN FAILURES

I '
3 ............. I

2 ........ I

1 "1 ""

0
MS"I3Sl M227Sg FILOTEX TIE THERMATICS NEMA
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TUFFLITE2000PASSESALLBMS13-60TESTS!

0 ACCELERATEDAGING
_1 ARCRESISTANCE(WetandDry)
0 DYNAMICCUTTHROUGH
0 HUMIDITYRESISTANCE
0 WIRE-TO-WIREABRASION
0 FLAMMABILITY

.t

0 SMOKE
0 WEIGHT
[3 NOTCHSENSITIVITY
Q FLEXIBILITY
El MARKABIMTY

ONEWIRECONCEPT

ONEINSULATIONSYSTEM
(TuffUte2000can beusedinbothPRESSURIZEDandUNPRESSURIZEDzones)

StandardConstruction
Replacementfor Mil Std81381/11

ThinWallConstruction
Replacememtfor MilStd81381/7

i

IncreasedWallConstruction I
Rep(acementforMilStd22759/6

|

TLSwithAluminumConductor ..
Powe_FeederCable

AVAILABLEIN THREETEMPERATURERATINGS: (150C, 200 C,260 C)

136
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TENSOLITE TLS Weight Savings Analysis:

Boeing _Everett (Wide Body) and Renton (Narrow Eody) Switched to

TLS for Unpressurized applications.

Tensolite TLS (Boeing BMS 13-60 Types 7 through 12) replaced:

- F.MS 13-31 - Mineral filled Teflon Cables (trlax)

- BMS 13-58 - PTFE/Kapton/Braid

TLS is replacing these wires in the Engine, Wings and Landing Gear
areas of the plane

.J

* This switch to TLS fr,)m the older technology wiring saved Boeing
150 Ibs. her 747-400! This was the entire weight savings budget for
the electrical engineering group for 1994.

A LOOKATTHEAIRFRAMEINDUSTRY

BOEING:
777, 757, 737, 767, 747

o,_LOCKHEEDrlBOEING:"_

137
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. Flight provenperformanceon Boeing 737 and757 airplanes

- Tuftlite ' is theairframe wirechosenfor theMcDonnellDouglasF.15
fighterfor SaudiArabia and for theLockheedF-22 ATF.

- AirForce/McAirC.R.A.D.independenttestsshowTufflite superior
to Mil-W-81381PolyimideandMAl-W-22759irradiatedE'rl_ wire in a
batteryof forty-three(43) tests.

- ExcellentWet andDry ArcTrackresistance- far superiorto
. Mil-W-81381or Mil-W-22759crosslinkedETFE.

- Lighterweight and smallerin diameterthan traditionalMD-W-81381
" Polyimideor Mii-W-22759crossHnkedETFE.

- SuperiordynamicCut-Throughperformanceeven at elevated
temperatures.

- True 260°C performanceby utilizingNickelplatedcopperconductors.

BSIDRYARCRESISTANCETEST

SCOPE:

The Dry Am Propagation Test pattemed after the BritishStandards Instituteprocedure
endeavors to simulate representative aircraft harness damage resulting from the creation of
the arc.

r

TEST SAMPLE:
J

" Three, seven wire harnesses were fabricated for each of the five thermally aged insulation ,
samples tested, for a total of 15 harness specimens. The length of the harness was 28 in. and

: consistedof four 12 AWG, 8.6 mil wall airframe wires and three 16 AWG 5.8 railwail, hook-up

i wires that had been thermally aged in a forced draft oven at 210 C for 504 hours.
J

TEST EQUIPMENT:
t
! Generating system: Constant speed drive system rated at 75,000 volt-amperes, 115 V, three
! phase, 400 Hz, mounted to a 200 horsepower GE mot_'. DC power was supplied by two

transformer rectifierunits rated at 28 V DC with a current rating of 150 amps which pm'Aded a
total rated DC current output of 300 amps.

138
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BSIDRYARCRESISTANCETEST(continued)

TEST PROCEDURE:
An aluminum :)lade was set in a guillotine type device attached to a reciprocating arm set to
oscillateat 10 Hz. The wire harness wa. positionedso that the two notched wires were on top
of the harness. The aluminum bladewas then brought in ",.ntact with the exposed c_,_luctors
witha force of 52 grams. The test was initiated by osdllating the arm to 10 Hz and energizing
the AC and DC contactors to apply power _imultaneouslyto the harness and observ=ngarc
conditions,a video camera was used for recordingvisual data. Power was maintained to the
harness for 10 seconds after a circuitbreaker opened. The blaOe was removed from *.he
harness, the genemtnr was broughtoff,line,and the DC motor was turned off and data
recorded. A restrike attempt was performed on the specimen 15 to 20 minutes after the initial
strike. The blade was not included in the restrike attempt.

TEST RESULTS:

: Current durationof the am for the init_ power application as well as the restxikewere
i recorde(L In addition, the visual h&mess damage was recorded for physical phenomenon,

such as Iongth of disintegration as a result of the arc, lengthof insulation charring, and the

amount of exposed orrecessed cot _uctor.

SMOKE QUANTITY TEST RESULTS

139
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BSiWETARCTRACKING

SCOPE:
,TheWet Arc Tracking Test was used to evaluatethe..performanceofan unconditioned
insulatedwiresampleunderwetambackingconditions.Thistestbecamea 1381standardas
of March198_.

TESTSAMPLE:
Onesevenwire harnesswasfabricated fromeach of thefollowing:(1)22 AWG, 8.6 railwall
airframesamples,(2)20 AWG5.8 railwall,airframewiresamples. Eachofthe sevenwires
werecuttoa lengthof 400 ram. Twoof thesevenwireswerenotched. Thenotcheswere
placedat 200mmand210 mmfromoneend. The harnesswasfabricatedwithwires
poeitmnedina sixProu,.'_Joneconfiguration.

TESTEQUIPMENT:
GeneratingEquipment Threephase,115V, 400 Hz, 100 ampsperphase,laboratorypower.
A 100mL pipettecapableof deliveringa drop.sizedto 20 mmat a rateof twodrops/rainwas
positioned2to 4 mmover*Jleharness.The harnesswas attachedtoa Teflonplatewiththe
solutionpositionedto flowoverthe firstr=otchinthe harness,thenoverthe secondnotch,and
outthrou¢_,a holeconnectedto a dJain.Thefluidconsistedof 1%ammoniumchlorideand
0.02% iso-octylphenoxypolyethanol,a non-ionicwettingagent,dilutedundistilledwater.

TESTPROCEDURE:
The testwas performedat room(ambient)temperaturein a ventedchamber. Electrolyteflow
wasinitiatedand powerwasappliedto the harness.Cam wastakento ensurethat the
electrolytesolutionwasflowingoverthe damagedsectionsand intothewireharnessesand
notrollingoffthe sides. The testrancontinuouslyoneach harnessforeighthoursunlessan
activ_failureoccurred.The testwasobservedforoneo;the following:
,__TIVEFAILURE: Either(1) Disruptivearcsuchthat an opencircuitoccurred. (2)Tdpplngof
the circuitbreaker. (3)Arcpropagationresulted.Followinganacth_ failurethe electrolyteflow
wasstoppedandpowerwasmaintainedto the harnessfor30 minutes.The circuitbreakers
wereresetandpowerwasreappliedfor15minutes.There was noadditionalresetofthe
circuitbreakers.
PASSIVEFAILURE: A passivefailurewill nottripcircuitbreakers,butwillusuallyinvolvethe
progressiveerosionof the conductorsunlilan opencircuitoccursononeorbothof the

- damagedwires. A passivefailurewasdetectedby monitoringthe indicatinglightsoneach
poweredline.

TESTRESULTS:
The test results recordedthe timeforcircuitinterruption(activeor passivefailure),circuit
breakerswhichtrippedinitiallyandafterbeingreset,insulationresistancetest,anddescription
ofthe damagetoti,e insulationincludingthe lengthof ','herdng.

140
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TENSOLrrEDATABUSCABLE:
F.BpW

BOEING 777

•, Tensolitedevelopedthe new dataDuscablefor the Boeing777. The
proposeddesignswere subjectedto extensivetestsbyTensoliteand

:: Boeingengineers inorderto developa cable that wouldmeetthe
: sffingentrequirements.

DEF,_GNCRITERIA

The databuschosenforthe Boeing777 is ARINC 629 usingdigital
autonomousterminalaccess control(DATAC). The designcriteriafor
the cable was: lightweight,highspeed capability,signal integrity,arid
signal isolation(verylittleleakage).,c

EXPANDED PTFE

The Tensolite design _JlizingexpandedPTFE insulationwaschosen
as the one and only designforthe DATAC or "stub"cable.
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N96-17091 1

DRY AND WET ARC TRACK PROPOGATION RESISTANCE TESTING

Rex Beach
Naval Air Warfare C.enter L_" ° -

Aircraft Division _,/17/-- _-_

Indianapolis, Indiana _. '- t_

PresentationOverview:.

• Historyof NAVAIR interestand involvementin InsulationArc Track Propagation
Resistancetasting

• Kecentdevelopmenta in NAVAIR's involvementwith Insulation Arc Track Propagation
Resistancetesting

• Parameterscommonto bothWet and DryArc Testsof M,v,.-STD-2223 i

• Wet Arc Track PropagationResistanceTest MIL-STD-2223method 3006

• Dry Arc TrackPropagation ResistanceTest MIL-STD-2223method3007

• Video o, NAWCAD IndianapolisWet andDry Arc ResistanceTest Equipment

• Tersolite Co. slow motion videoof arc initiationinthe Dry Arc Test

• NAWCAD IndianapolisWet andDry Arc Track test capabilities

Early History of NAVAIR'sInvolvement with Wirs Arc TrackTesting

• Informaltesting of energizodwire bundleswith smallarms by Navy personnel •

• Ballisticstesting of Polyimideand XLETFE insulatedwires at NAWC AD Pax River,
MD (NATC)

• Testing of various wire insulationsat theNaval ResearchLabs (NRL)Washington,
DC

• Majorfactorin NAVAIR'sdecisionto no longer use MIL-W-81381Polyimide Insulated
wires and to replace MIL-W-81381wire InInstalledaircraftwith MIL-W-22759
crosslinked_--IFEInsulatedwires duringaircraft maintenance

q
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Recent Eventsin NAVAIR's Involvementwith WireArc Track Testing

• Monitoringindustryand govemmen?activitywith Insuleti_nArc Track Propagation
Resistancetesting

• Industrydevelopmentof hybridinsulation systemswith Polyimide (arc propagabng
insulation) in combinationwith fluoro-polymer insulalBons(arc propagation resistant
insulation) madedevelopment of laboratoryarcback propagationresistance tests
critical to evaluate the new insulationsystems

• Government-industrytask group chairedby NAVAIRformed to write MIL-W-22769/80-
92 specificationsheets for PTFFJPolyimidehybrid insulationwires anddevelop
standardizedand repeatableWet and Dry Arc Propagation ResistanceTests for M;L-
STD-2223capable of referencein the new wirespecificetion sheets

Parameterscommonto Wet and Dry Arc tests of MIL.STD-2223

Bundlewith 7 wires, the top 5 wires energizedusing 20 KVA, 400 Hz, 208 Volt, 3 phase
i power and lower two not energized

! Arc is initiated betw_n the top two wires of bundle(phase A1 & B1) andallowed to|
i propagate until a thermal CB trips, continuity is lost in both of these wires, or the test

i runs to a definedendpointwith no arc eventoccurring
Ifbreakerson the damagedwires trip, breakersare resetone time to restrike the arc

Pass/failcriteria is determ:nedby measuringthe length of wire damage due to arc
propagationand the ability of the 5 middle and bottom wires in the bundle that are not
intentionallydamagedto pass a post test dielectricwithstanding voltagetest

J

• 3 wire bundles aretested with 0, 0.5, 1, 1.5, and 2 ohms resistance in the circuit. This
provides15wire bundlesto be tested. The dielectricwithstanding par,_ail criteria
counts the numberof the75 wires (t5 bundlesx 5 wires) that are not intentionally
damaged that pass the dielectrictesL MIL-W-22759/80-/92requiresat least 70wires to
passfor the normal weightwire and at least67 to passfor the light weight wire

!
L

Wet Arc TrackTest Method3006 of MIL-STD-2223

MiI-STD-2223test is basedon similar tests requiredby Boeingspecification BMS 13-60, -:
and ASTM D3032 section27, and BSItest methods

This test methodologyis now widely accepted in US and Europe

Arc initiatedby cutting a 35-1.0 mm window 360 degreesaround the two top wires o;
the 7 wire bundle (A1and B1)and arranging the wires with the stripped windows 6.25
mm apartthendripping 3 % NaCIsolutionon the e._ergizedbundleat 8-10 drops/minute

A nonarcevent test is declaredand the test stopped if the two top conductors erode
away (no continuity) and no breakerstrip alter8 hours. ,
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Dry ArcTrec_ Test Method3007 of MIL-STD-2223:
I

This test m z_hodologyis not asstandardizedas the Wet Arc Tracktest yet

• All dry arc methodsuse an electricalshort being induced acrossenergized wires of
a bundleinitiatedby one of the followingmeans:
• Wires shorted by ballistic projectile
• Wire strand usedto shortbetween exposedconductors

; • Exposedends ofthe wire bundle shortedusing graphitepowder orcopper dust
• Reciprocatingabraderblade "sawing" through insulationused to Induce a short

Manydifferentmethodshavebeen used until recently

The reciprocatingblademethod is rapidlybecomingthe standardtest method:
Military - MIL-STD-2223m.-thod3007
McDonnellDouglasSL Louisspecifications 5M2071through 5M2074
BoeingCommercial AircraftSpecification BMS 13-60and BSS 7324 test standard

" ASTM D3032section 29

Dry Arc TrackTest Method 3007 of MIL-STD-2223:

Arc is initiated by a reciprocatingbladeconnectedto theneub-alof the 3 phasepower •
"sawing through" the A1 andB1 phasewires on the top of the 7 wire bundle

A nonarc event is declaredand the teststopped if the bladecontactsa mechanicalstop
set to stop the bladebeforeit can damagewires other than the top 2 wires used to
initiate the arc

There are manymore variable to be controlled comparedto the wettest due to the
mechanical contact betweentheabrader bladeand the wire bundle

NAWCAD IndianapolisTestCapabilities:

NAWCAD indianapolishasWet and Dry Arc Arc Track Propagation Resistance test
;' capabilitiesat this Ume

NAWC AD indianapolisis the designatedqualificationtest lab for wet and dry track
propagationresistance testingfor the MIL-W-22759/80-/92PTFE/Polyimidehybrid •

insulationwires ,

NAWC AD Indianapolisis NAVAIR'slab for arc trackevaluationof new wire insulation
sytamsand hopesto workwith other military, govemment, and commercial activities to
performarc track evaluationsof new insulation systemsand to advance the state of the
art in insulationarc track testing

NAWC AD Indianapolis Is promotingthe MiI-STD-2223test methods to other activities
for arc tracktesting so test resultstakenat differentactivitiescan be correlatedand
compared ,
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METHOD3006

WETARC-PROPAGATIONRESISTA_CE
.!

_ I. PURPOSE.The wet arc-propagation resistance test for wire
insulation provides an assessment of the ability of an insulation to prevent
damage in an electrical environment. In service, electrical arcs may
originate from a variety of factors including insulation deterioration, faulty

: installation, and chafing, and may be further induced by water or other fluids
which create conductive paths. It has been documented that results of an arc-
propagation test may vary slightly due to the method of arc initiation-
therefore a standard test method must be selected to evaluate the general arc-
propagation resistance characteristics of an insulation. This test method
initiates an arc by dripping salt water over pre-damaged wires which creates a
conductive path between the wires. The arc propagation resistance is defined
by the length of arc-propagation damagealong the pre-damaged wires and by the
extent of damageto all adjacent wires which are initially undamaged. The
test also evaluates the ability of the insulation to prevent further arc-
propagation when the electrical arc is re-energized. The power supply, test
current, circuit resistances, and other variables are optimized for testing 20
gauge wires. The use of other wire sizes may require modifications to the
test variables•

2. TEST EQUIPMENT

a. A transparent screen to protect laboratory personnel from molten
metals, UV radiation, and other debris that may be ejected from
the test specimen.

b. A variable speed, peristaltic pumpor suitable other device and
a hypodermic needle or burette. The apparatus should be able to
deliver the electrolyte solution at a rate of I00 ± I0 mg
(0.0035 ± 0.00035 ounces) per minute (8 to i0 drops of 3 percent
sodium chloride solution) to the test specimen. An alternative
means of delivery is acceptable. I

c. A mechanical device for supporting the test bundle in free air
in a horizontal position. ,

d. An electrolyte solution madeby dissolving 3 ± 0.5 percent by
weight of sodium chloride (NaCl) in distilled water.

e. A three phase wye connector power supply, grounded at wye,
derived from a rotary machine or solid state power source of not
less than 20 KVA rating, delivering 208 volts line-to-line at
400 Hz.

f. MS3320-7.5 (7.5 Amp) and MS25244-50 (50 Amp) protective circuit
Dreakers.
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g. Variable load and fixed load resistors.

h. MIL-T-43435 (Type V) lacing tape.

- 3. TESTSAMPLES.A test sample shall consist of 15 bundles of.wire.
Eachbundle is composedof seven wires approximately 20.3 - 40.6 cm (8 - 16
inches) in length. A minimumof 21.3 meters (70 feet) is required. It is
recommendedthat 20 gaugewire be use for the test.

4. TESTPROCEDURE

-, 4.1 Preparation of bundles. Conducta 2500 volt Wet Dielectric test on
I00 percent of the wire in accordance with the WetDielectric test procedure
described in MIL-STD-2223method3005 before the arc-propagation resistance
test is performed. Discard any failed sections of wire. Cut seven wire
segments20.3 - 40.6 cm (8 - 16 inches) in length for each of the 15 bundles.
Clean the cut wires using a cloth saturated with isopropyl alcohol. Strip
both ends of five of the seven wire segments. Usethese stripped ends for
making electrical connections, ll_ese five wire segmentswill be called
"Active Wires" The two unstripped wire segmentswill be called "Passive
Wires". Using a sharp blade, cut a square groove completely around (360
degrees) the insulation of two of the active wires at their midpoints to
expose the conductor. The width of the exposedconductor should be between
0.5 mmand 1.0 mm(0.0197 and 0.03941 inch). Formthe bundle by laying the
seven wire segmentsstraight and geometrically parallel. Assemblethe wires
to form the six-around-one configuration shownin Figure 1. The two pre-
damagedwires should be placed in the AI and BI positions and care should be
taken to ensure that there is a longitudinal distance of 6.0 mmto 6.5 mm
(0.2362 to 0.2560 inch) as measuredbetween the stripped windowof the two
exposed conductors. Thetwo passive wires correspond to the D1and D2
componentsshownin Figure I. Use MIL-T-43435lacing tapes to hold the test
bundle together. Clean the assembledbundle using a cloth saturated with
isopropyl alcohoi prior to installation in the fixture.

4.2 Electrical connection. Connect the test bundle to the power supply
_- and circuit resistance using the schematic circuit shownin Figure 2. Connect

one end of each active wire to the appropriate phase of the power supply as
_. shownin Table I. Usean MS3320-7.5(7.5 Amp)circuit breaker and a circuit

resistance in series with each of the active wires. Use the circuit "_
resistance values shownin Table II. Connect the other end of the five active
wires under test to variable resistive loads. Adjust the resistance to limit
the current flowing through each wire to I ± 0.2 Ampere. Protect the test
circuits with MS25244-50(50 Amp)circuit breakers connected on the supply
side of the test set up.
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p

TABLEI. Electrical connection. I

i 'Wire Identification PowerSupply Layer,m

AI Pl_aseA Top

Bl PhaseB Top

Cl PhaseC Middl e '

._ A2 PhaseA Middle

B2 PhaseB Middle

DI None Lowest

D2 None Lowest

TABLEII. Circuit resistance.

Test Number Circuit Resistance (ohm)

I 0.0

2 0.5

3 1.0

4 1.5 I

5 2.0

4.3 Initiation of test. Test three bundles for each of the five
circuit resistances. Using the mechanical supports, mount the test bundle in
a draft-free location so that the wires with the exposedconductors are upper
most. Adjust the flow of the electrolyte to 8-10 drops per minute. Position
the hypodermic needle to drop the electrolyte into the groove between the
wires with the exposedconductor, Position the tip of the needle so that the
vertical distance of the tip is 150 mm(5.91 inch) abovethe specimen.
Position the protective screen to shield the operator from ejecting objects or
UV radiation. Close all circuit breakers. Allow the electrolyte to flow.
Apply three phase 400 Hz power.
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5. RESULTS.Useone of the following conditions to conduct and
complete the test.

5.1 If circuit breakers in any of the phasesA2, B2. or Cl trips at any
:- time during the test, wait 3 minutes and disconnect power. Conduct a I000

volt Wet Dielectric test on wires A2, B2. CIo DI and D2 in accordancewith the
Wet Dielectric procedure of MIL-STD-2223method3005. Recordthe numberof
wires which fail. Measureand record the total length of physical damageto
each wire (including phaseAI and BI wires) in inches.

5.2 If either phase AI or phaseBI circuit breaker trips at any time
., during the test, disconnect the powerand identify the phase of the tripped

circuit breaker. Wait 3 minutes. Reset the circuit breaker, apply power and
continue the test. Continue the test for eight hours or until either phase A1
or phase BI circuit breaker has tripped twice. CAUTION:DONOTRESETA
CIRCUITBREAKERTHATTRIPSTWICE. Conducta I000 volt, WetDielectric test on
wires A2, B2. CI. DI and D2 in accordancewith the Wet Dielectric test of MIL-
STD-2223method 3005. Recordthe numberof wires which fail. Measureand
record the total length of physical damageto each wire (including phase A_
and B1 wires) in inches.

5.3 If the conductor(s) of phasesA1 and BI wires erode without
tripping phase A1 or phase BI circuit breakers (as maybe indicated by an open
circuit indicator), continue the test for a total of 8 hours or until the test
endpoints of 5.1 or 5.2 occur. Conducta 1000volt Wet Dielectric test on
wires A2. B2. CI. DI and D2 in accordancewith the Wet dielectric procedure of
MIL-STD-2223method3005. Recordthe numberof wires which fail. Measureand
record the total length of physical, damageto each wire (including phaseAI
and BI wires) in inches.

5.4 Circuit breakers should be periodically tested to assure they still
meet the overload trip requirements of the applicable military specification
(MS) sheet. Circuit breakers outside their overload trip limits should be
replaced.

6. INFORM,ITIONREQUIREDIN THEINDIVIDUALSPECIFICATION.
Specifications shall list minimumnumberof wires which must pass the
dielectric test after the bundle has beenenergized, andalso the maximum

" allowable length of physical damageto the individual wires in the bundle.
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L
: FIGURE1. Bundle ConfiQuration.

,m

CIRCUIT RESISTANCES (FIVE}--_

MS25244-50 AMP _ _ TYPIC'AL TEST CURRENT I AMP_...=
PROTECTIVE CB PHASE AI

I

'_, PHASE A2

i Y CONNECTED THREE-_
.,, PHASE 400 HERTZ _ MS33?.O-7.SAMP TEST WIRES

POWER SUPPLY _ CB (FIVE}

PHASE 81

PHASE B2

pHASE CI

MS25244-50 AMP RESISTIVE LEADS (FIVE}
PROTECTIVE CB

FIGUKE2. Electrical Connection
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METHOD300I

DRYARC-PROPAGATIONRESISTANCE

1. PURPOSE.Thedry arc-propagationresistancetestforwire
insulationprovidesan assessmentof the abilityof an insulationto prevent
damagein an electricalarcenvironment.In service,electricalarcsmay
originatefroma varietyof factorsincludinginsulationdeterioration,faulty
installation,andchafing.Ithasbeendocumentedthatresultsof an arc-
propagationtestmay varyslightlydueto the methodof arc initiation.

, Thereforea standardtestmethodmustbe selectedto evaluatethe generalarc-
propagationresistancecharacteristicsof an insulation.Thistestmethod
initiatesan arcwitha vibratingblade.The arc-propagationresistanceis
definedby the lengthof arc-propagationdamagealongthewiresin contact
withthe bladeandby theextentof damageto all adjacentwiresundamagedby
the vibratingblade. Thetestalsoevaluatesthe abilityof the insulationto
preventfurtherarc-propagationwhentheelectricalarc is re-energized.The
powersupply," stcurrent,circuitresistancesandothervariablesare
optimizedfor _esting20 gaugewires. The useof otherwiresizesmay require
modificationof othertestvariables.

2. TESTEQUIPMENT,

a. An abraderblademadefrom6061-T6aluminummaterial.Use a
gritsize60 grindingwheelor 60 gritsandingbeltto sharpen
theblade. A typicalabraderbladeis shownin Figure1. Use
thebladesharpeningfixtureshownin fixtureshownin Figure2.

b. A transparentscreento protectlaboraty personnelfrommolten
metals.UV radiation,andotherdebristhatmay be ejectedfro_
the testspecimen.

c. An oscillatingmechanismto whichtheabraderbladeis
connected.The oscillatingmechanismshallprovidea strokeof
3.BIcm (1.50inches)at a frequencyof 0.5± 0.05cyclesper

- second.

d. A testfixturewhichincludesa testblockto holdthewireat
rightanglesto the abradingblade. Theblockis madefrom
6061-T6aluminum.

e. A threephasewye connectedpowersupply,groundedat wye.
derivedfroma rotarymachineor solidstatepowersupplyof not
lessthan20 KVA rating,delivering208voltsline-to-lineat
400Hz.

f. A mechanicalstopconstructedof stainlesssteel.

g. MS3320-7.5(7.5Amp)andMS25244-50(50Amp)protectivecircuit
: breakers.
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h. Variable load and fixed load resistors.

i. MIL-T-43435(Type V) lacing tape.

j. MS25281plastic clamps.

3. TESTSAMPLES.A test sampleshall consist of 15 bundles of wire.
Each bundle is composedof seven wires and shall be of sufficient length, 35.6
cm (14 inches) minimum,to allow the bundle to be installed in the test
fixture. A minimumof 37.3 meters (122.5 feet) of wire is required. It is
recommendedthat 20 gaugewire be used for the test.

4. TESTPROCEDURE

4.1 Pr__rep_arationof bundles. Conducta 2500 volt Wet Dielectric test on
I00 percent of the wire in accordancewith the WetDielectric test procedure
described in MIL-STD-2223method3005 before the arc propagation resistance
test is performed. Discard any failed sections of wire. Cut seven_wire
segments at least 35.6 cm (14 inches) in length for each of the 15 bundles.
Clean the cut wires using a cloth saturated with isopropyl alcohol. Strip
both ends of five of the sevenwire segments. Use these stripped ends for
making electrical connections. These five wire segmentswill _e called
"Active Wires". The two unstripped wire segmentswill be called "Pas:ive
Wires" Formthe bundle by laying the seven segmentsstraight and
geometrically parallel. Assemblethe wires to form the six-around-one
configuration shownin Figure 3. UseMIL-T-43435lacing tapes to hold the
test bundle together. Clean the assembledbundle using a cloth saturated with
Isopropyl alcohol prior to installation in the test fixture.

4.2 Bundle installation. A test fixture shall be used to hold the wire
bundlein placeperpendicularto theabraderblade. Detailsof a suggested
testfixtureare shownin Figure4. Beforeinstallation,thewir"bundle
shalloe tiedwithMIL-T-43435lacingtapeat .635cm (.25inc_imn eachside
of wherethe abraderbladeisto be applied:thensecuredto thetest fixture.
The wire bundle is clampedwith MS25281plastic clamps at two points on the i
fixture at a minimumdistance of 15.24 cm (6.0 inches). _le clamp points are
equidistant from the point of application of the abrader. The slide bolt
allows the adjusting screw to movethe holding plates snugly against the
bundle. Ensure that the active wires AI and BI are parallel witK the top
plane of the test fixture, and that the passive wires D1 and D2 are in _
complete contact with the base of the test fixture. ,Tilebundle must not be
allowed to movewhile the abrader blade is cutting wires A1 and BI. The test
fixture s_,all contain an adjustable mechanical stop, which maybe set to allow
for various penetration depths of the vibrating blade.

4.3 Electrical connection. Connect the test bundle to the power supply
and circuit resistance using the schematic circuit shownin Figure 5. Connect
one end of each active wire to the appropriate phaseof the power supply as
shown in Table I. Use an MS3320-7.5(7.5 Amp)circuit breaker and a circuit
resistance in serles with each of the active wires. Use the circuit
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resistancevaluesshownin TableII. Connecttheotherend of the fiveactive
wiresundertestto variableresistiveloads.Adjustthe resistanceto limit
thecurrentflowingthrougheachwireto 1.0± 0.2_npere. Protectthe test
circuitswithMS25244-50(50Amp)ciJcuitbreakersconnectedon the supply
sideof thetestsetup. Connecttheabraderbladeto the neutralof.the
generator.Connectthe generatorneutralto ground.

TABLEI. Electricalconnection.

Wire Iden_i ficati on PowerSupply Layer

A1 PhaseA Top

B] PhaseB Top

C1 PhaseC Middle

A2 PhaseA Middle

B2 Phase3 Middle

DI None Lowest

D2 None Lowest
!

TABLEIf. Circuitresistance.

Test Number Circuit Reslstance (ohm) i

1 0.0

2 0.5

3 1.0 !

4 1.5

5 2.0

4.4 Initiation of. tes.t. Test three bundles for eacG,of the five
circuit resistances. Install the oscillating mechanismwhich mayuse a
reciprocating arm. or vertical and horizontal preclsion linear ball slides
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(a suggestedballslideapparatusis shownin Figur_6). Adjustthe
mechanicalstopto ensurethattheabraderbladepenetratesintothe AI and B1
wlresa distanceof 0.87timesthe radiusof thesevenwirebundles.Close
allcircuitbreakers.Applya nominalloadof 25Cgrams(0.551pounds)to the
abraderat thepointof contactwithonewire. Adjustthebladeto ensure
thatthemajorplaneof thebladellesperpendicularto the longitudinalaxis
of thebundle.Applytheabraderbladeon thetestbundle, r)sitionthe
protectivescreento shieldtheoperatorfromejectingobjectsandUV
radiation.Applythreephase400Hz power. Actuatethe abrader.Allowthe
abraderblademovementto continue.

5. RESULTS.Useoneof the followingconditionsto conductand
completethetest.

5.i If theabradercutsthroughA1 andBI wireswithot_trippingphase
A1 or phaseBI circuitbreakers,stoptheabradermovement.Disconnectthe
power.

5.2 Conductthe1000voltWetDielectricteston wiresA2. B2. C1. DI
andD2 in accordancewiththeWet Dielectrirprocedureof MIL-STD-2223method
3005. Recordthenumberofwireswhichfail. Measureand recordthe total
lengthof physicaldamageto eachwire(includingphaseA1 andB1 wires)in

' inches. -.

5.3 If a circuitbreakerin anyof thephasesA2, B2 or CI tripsat any
timeduringthetest, toptheabraderand disconnectthe power. Perform
testsas listedin5.2.

5.4 If eitherphaseA1 or phaseB1 circuitbreakertripsat anytime
duringthetest,stoptheabrader.Disconnectthepoweranddetermineif the !
conductor'of wiresA1 or BI areopen. If bothwiresare open,concludethe
testby performingtestsas listedin 5.2. IfwireA1 or wireB1 arenot
open,wait3-4minutes,resetthe circuitbreakerand restartthe abraderand
thenimmediatelyre-applythepower. Continuethe testuntileitherphaseA1
or phaseB1 circuitbreakerhastrippeda secondtime,phasesA1 and B1 are
open,or theblademovementis stoppedby themechanicalstop. CAUTION-DO
NOTRESETA CIRCUITBREAKERTHATTRIPSTWICE. Performthetestsas listedin
5.2. Use a newabraderbladeedgeforeachtestbundle,if any bladedamage
is present,or if circuitbreakersA1 or BI tripduringthetest.

5.5 Circuitbreakersshouldbe periodicallytestedto assuretheystill
meettheoverloadrequirementsof the applicablemilitaryspecification(MS)
sheet. Circuitbred'ersoutsidetheiroverloadtriprequirementsshouldbe
replaced.

6. INFORMATIONREQUIREDINTHE INDIVIDUALSPECIFICATION.
_.; Specifications shall list minimumnumberof wires whlch must pass the
, dielectric test after the bundle has beer _ergized. and also the maximum
• allowable length of physical damageto th. ,ndividual wires in the bundle, t
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MAJOR 5.08 4- .635 CMAXIS --_ __ __

OF THE aLADE _ (Z.O -+ •ZSiNCH)
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-" FIGURE1. Blade•
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SCREW --_ O.IIN.
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• _ d'--_" I-,.y / _ I.IIIN", Y /J It , _"°_ ,
/// I

x/N//,,. ! _t-
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;

THREADED HOLE

• III

FIGURE2. Aluminumblades__harDeninQ flxture.
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LACING TAPE

FIGURE3. Bundle confimuration.

_ 19.05 -+..635 M M (.750 _ .07.5 INCH)

: M52528I CLAMP ?.4 "MS25281 CLAMP• PLACED HERE l I PLACED HERE
, =_'_ 15. CM (6 INCH)MINIMUM

ADJUSTABLE __ LIMITS OF.--._ I

I "II

J

I I (-_ I 'L." I

I I _1 , _'_ I I l I
I_!I :

r-" -'e-'----'SLIDE BOLT

AnJUSTMENT SCREW
/r

FIGURE4 Test fixture
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CIRCUIT RESISTANCES (FIVE}

J

MSZSZ44-50 AMP TYPICAL TEST CURRENT I AMP
PROTECTIVE CB

P HASE A !

PHASE A2

Y CONNECTED THREE 1
PHASE 400 HERTZ | MS3320- 7.5 AMP

POWER SUPPLY _ CB (FIVE)

........I _ PHASE BI
T

PHASE B2
L

PHASE CI

MS257.44-50 AMP RESISTIVE LEA0$ {F

PROTECTIVE CB I

. l

.[

FIGURE5, Electricalconnection.
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_BLADE DEPTH ADJUSTMENT

,,[

i! II I HORIZ. SLIDE MOTION FROM

I

LINSULATED ING
BLADE FOR DEPTH , ,
HOLDER GAGE I I

I I

F,NSULATED_ l

1 ___ IF_-_---_I o'-_ o

FIGURE6. Ball slide blade fixture.
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N96-17092
FEATURE EXTRACTION OF ARC TRACKING PHENOMENON

John Okyere Atria _._ _ . ._ _.
Department of Electrical Engineering -_/,5, _

Prairie View A&M University
Prairie View, Texas ('i._ 6

,j c?

ARC TRACKING

ELECTRIC _.qC BETWEEN CONDUCTING WIRES DUE TO INSULATION
BREAKDOWN

I

J

KAPTON INSULATOR

PROBLEM FOR AEROSPACE INDUSTRY

NASA (SPACELAB)
US NAVY

OBJECTIVE

TO OBTAIN THE SALIENT FEATURES OF ARC TRACKING PHENOMENON

I.)ATA ACQUISITION

CABLES

GAGES 20, 22, 24 (WITH KAPTOII INSULATION)
" TKV (WITH KAPTON AND TEFLON INSULATION)

DC POWER SUPPLY

CAPABLE OF SUPPLYING UP TO 1000 A
DC VOLTAGE OF THE SUPPLY - 10 V, 30 V AND 42 V

RECORD TIME - 2 SECONDS

SAMPLING RATE - 2000 Hz
P

DATA ACQUISITION SYSTEM
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Voltage0-42
Current0-1000A measuring

apperazus

TWISTED PAIR

{ The lockheed experimentalsetup
|
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SIGNAL PROCESSING

WELCH METHOD FOR COMPUTATION OF POWER SPECTRAL DENSITY

2 - SECOND DATA DIVIDED INTO 4 SECTIONS
HAMMING WINDOW
FFT PERFORMED AND ACCUMULATED

MATLAB

WELCH METHOD WAS IMPLEMENTED USING MATLAB

ALL OTHER COMPUTATIONS ALSG DONE USING MATLAB
j'

PARAMETERS OBTAINED FROM DATA

STANDARD DEVIATION OF TIME DOMAIN DATA
PEAK VALUE OF POWER SPECTRAL DENSITY
MEAN VALUE OF POWER SPECTRAL DENSITY
STANDARD DEVIATION OF POWER SPECTRAL DENSITY
MEAN FREQUENCY CONTENT
PERCENTAGE OF TIME ARC TRACKING OCCURRED
PERCENTAGE OF TIME FOR CURRENT BUILD-UP

N

fB - l=ZR

i,,1

where:

P_is the power spectral density at frequency fl tr
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Figure 1 (a) Arc Tracking Signal in the time domain and
(b) its power spectral density
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Figure 2 (a) Non-Arc Tracking Signal in the time domain and i4

(b) its power spectral density
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Table I

Categorization of data into arc tracking and no arc tracking.

CABLE AND VOLTAGE DATA REMARKS

G24V20E3 A1 STRONG ARC TRACKING
G24V20F_.,4 A2 "
G22V20E2 A3 "
G22V20EI A4 "
G22V30E3 A5 "
G20V30E2 A6 "
G22V30E1 A7 "
G20V42E4 A8 "
G20V42E3 A9 "
G22V30E4 A10 "
G20V30E5 A 11 "
G20V42E5 AI2 "
G20V42E2 A13 "
G22V42E3 A14

G22V10E3 B1 "
G22V42E5 132 "
G22V42E2 B3 "
G20V30E1 13,4 "

) G20V42E1 B5 "
! G22V42FA B6 "
t

l GE2Va0E2 C1 NO ARC TRACKING
G22V30E5 C2 "
TKV42E1 C3 "

[_
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TABLE 2

Parameters Obtained from Arc Tracking Dat_.

SD - standard deviation of time domain are tracking data
MP - peak value of power spectral density
MVF - mean value of power spectral density
SDP - standard deviation of power speemd density
MFRQ - Mean frequency content

r ..... |,.

DATA SD MP Xl04 I_WP SDP X103 MFREQ

A1 31.9 1.6 238 1.51 102.12
A2 30.5 1.47 272 1.5 106.77
A3 41.7 1.59 176.2 1.4 96.6
A4 41.7 1.59 176 1.4 324.8
A5 1_.23 1.7 231 .23 86.6
A6 38.8 2.7 476 2.7 136.9
A7 11.47 .27 14i 0.358 31.28
A8 25.67 1.90 599 2.25 45.59
A9 32 1.9 1326 2.9 45.39
A10 1.45 20.21 4..9 .0052 236
A11 10.3 7.47 1292.5 8.04 35
A12 25.5 1.99 484 1.7 315
A13 6'3.3 3.2 319 2.9 36.28
A14 14 0.31 153 .375 23.26

B1 43.4 0.472 42.2 .417 14.4
B2 17.5 0.48 217 .665 90.6
B3 6.7 0.15 56.8 .0159 30.6
B4 10.6 0.12 35.8 •134 29.46
B5 9.5 0.71 229 .85 136.9
B6 7.6 505 37.5 .085 83.4

C1 45.4 0.16 14.2 .15 36.28
C2 23.7 0.116 10.19 .002 70.8
C3 5.5 .423 28.8 .078 115.7
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TABLE 3

Other Parameters of Arc Tracking Data

TARC - Percentage of Time Arc Tracking occurred
BUPT - Pe_cehtage of Time for the Current to Build-Up

, -- , , • ..

DATA TARC BUPT

A1 67.5 32.5
A2 75 25
A3 72.5 27.5
A4 71 29
A5 69 0

_; A6 77 78
A7 100 0

5 A8 90 0
•_ A9 i00 0

A10 27.5 0
A11 19 48
A12 92.5 0
A13 76 24
A1Lt 22.5 0

i B1 10 75
B2 40 0
B3 16 0 !
134 60 0
B5 35 0

F
B6 7 0

!

C1 0 25
C2 0 14
C3 0 0 "
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CONCLUSIONS AND FUTURF WORK

USEFUL PARAMETERS FOR DETECTING ARC TRACKING ,

:vlEAN VALU,E OF POWER SPECTRAL DENSITY
STANDARD DEVIATION OF TIME DOMAIN DATA
PERCENTAGE OF TIME ARC TRACKING OCCURRED

FEATURES CF ARC TRACKING SIGNAL

MEAN "_'ALUEOF POWER SPECTRAL DENSITY IS GREATER THAN 30

OR

MEAN VALUE OF POWER SPECTRAL DENSITY IS LESS THAN 5
AND _TAND_ RD [_EVIATION OF TIME DOMAIN DATA IS LESS THAN 2 i

D_:SIGN OF "SMART" CIPCUIT FOR PROTECTION OF EQUIPMENT '
AGAINST ARC TRACKINg.3

FA_T FLOATING POINT DIGITAL SIGNAL PROCESSOR
INCP.;IPORATE THE FEATURES OBTAINED IN THIS WORK
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ACCELERATEDAGING TEST RESULTS FOR AEROSPACE WIRE _I

INSULATION CONSTRUCTIONS N96-17093
William G. Dunbar

Consultant j/(., - _...._ +

Bellevue, Washington "_ _

:/<:
¢_ ,

+" ABSTRACT t

Severalwireinsulationconstructionswereevaluatedwithandwithoutcontinuousglowdischargesatlow
pressureandhightemperaturetodeterminetheagingcharacteristicsofacceptablewa'cinsulation
construcdons.Itwasknown atthebeginningofthetestprogramthatinsulationagingtakesseveralyears
when operated at normal ambient temperature and pressure of 20"Cand 760 ton'. Likewise, it was
known that the accelerated aging process decreases insulation life by approximately 50% for each 10"C
temperature rise. Therefore, the first phases of the program, not reported in these test results, were to
select wire insulation constructions that could operate at high temperature and low pressure for over
10,000 hours with negligible shrinkageand little materials deterioration. The final phase of theprogram
was to determine accelerated aging characteristics.

When an insulation construction is subj_ted to partial discharges the insl:iation is locally heated by the
bombardment of the disch" <ges,the insulation is also subjected to ozone and other deteriorating gas
particles that may significantly increase the aging process. Several insulation systems using either a
single material or combinations of teflon, kapton, and glass insulation constructions were tested. All

_': constructions were rated to be l_artialdischarge and/or corona-free at 240 voks, 400 Hz and 260"C
: (500"F)for 50,000 hours at altitudes equivalent to the Paschen law minimum partial discharge aging

tests were preceded by screening tests lasting 20 hours at 260"C. The aging process was accelerated by
; subjecting the test articles to temperatures up to 370"C (700"17)with and without partial discharges. After

one month operation with continuous glow discharges surrounding the test articles, most insulation
systems were either destroyed or became brittle, cracked, and unsafe for use. Time with space radiation
as with partial discharges is accumulative.

_ INSULATED CONDUCTOR LIFE !

'_" Conductor life will last decades of years when operated at normal ambient temperature .+_20"C.When ;
,. operated with partial discharges the insulation is heated by the discharges, the insulation oxidized and life

shortened to 10 to 500 hours depending upon the partial discharge intensity and applied voltage. Several
tests were performed at Boeing using aircraft teflon insulated conductors at 23+10"C, 400 Hz, and 240+..5 "'
Vrms. After one month the insulation was brittle, cracked, and unsafe for further use. Tix.aewith partial i
discharges is accumulative. The time may be continuous as in an experiment or in short bursts ove,"
several years.

{

+.[ ,. ',,y .... ",'v'
...................t +"" " ' "' "' . _:jljt+:'_D FA_E

' i
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AEROSPACEWIREINSULATIONCONSTRUCTIONS
SELECTEDFORTEST

TESTARTICLES

8---ManufacturersSuppliedTestArticles
2S--WireInsulationConstructions
12--TestArticlesPer'_VireConstructionWereEvaluated

INITIALSCREENTESTS

i VisualInspection
DielectricStrength

i InsulationResistance
FluidResistance

Wrap!

' Shrinkageafter 20 hoursat 260C
AbrasionResistance

, Weightlossafter20hoursat260C
I "'
.I

I

All test articles passedthe initial screeningtest

,I
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ACCELERATEDA61N6TESTSANDRESULTS

TEMPERATUREALTITUDETESTPARAMETERS
.J

TEMPERATURE TIME
" C: Hours

371 336
357 504

7._4._ 1,440
321 3,888
312 8,760
304 !3,200

Total test time 2<.,128 hours
Time at maximum temperatures 15,000 hours
Time at 21 torr 15,000 hou_

Time at760 torrand30C 11,250hours
Transitiontime(temperature,pressure) 1,878hour

. ThermalAglngTestResults

20 Wire Insulation Constructions Failed

._ WireInsulationConstructionsPassed*

'! _ Mostwlreconstructlonshadsome Shrlnkaqe,mlnlmalwelghtloss,andonv

_ some,theteflonoozedthroughglassbralds,

I

i "
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AGINGTESTRESULTS

. PartialDischarges

ThelowertheInsulationsystemdielectricconstantthehlgherthepartial
dlSChargeinltlatlonvoltageforequalthlcKnessinsulationsystemstested
wlth a¢

Increasingtheinsulationsystemincreasestheinitiationvoltagesomewhat.

OutgasslnginsulationsystemstendstogenerateEMIthatmustbe
' consideredwhen takinginitiationvoltan.emeasurements.

Aging

Teflon insu!ationtended to roughen(polymerize)andcrack with continued
agingwithandwithoutglowdischarges.

ThebindersforwrapedKaptoninsulationsystemstendedtooutgasand
evaporateallowingthekaptontounwind.WithglowdischargestheKapton
darkenedandthemsulatlonreslstivitydroppedslgmficantly

kapton-TeflonInsulatlonsystemshadmany puncturesbetweenthekapton
wraps.

GlassbraidoverTeflonhadcolor leachingandsome oftheteflontendedto
oozethroughtheglassbraid.Allsamplessurvivedthe2,000hourstesting

.. withandwithoutglowdischarges-butsome sam! s appearedvisuallypoor.
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--X
0 -_X '

..8...... _-'_.__......
SAMPLEIll.

.... 30@ ..................... o 675°F
x 700°F

.............................. Frequency /+00 Hz
Altitude 73,000 Feet

i .. o 20 o 260

,+

,too-........." - _-_;-- _ ---_ .....-_:
®

. ..
SAMPLEI:_ [

" _ e e 675°F

-300. ............ x 700°F
" Frequency 1+00 Hz .;'
+ _< ............................................... Altitude 73,000 Feet _'

I _-- --+o_ o 20022o 2+0 260,Screen
•l._m I+

•..:580°F.._
......... 20 _oura ............................................. +

FIGURE 6.5-36 C0V AS A FUNCTION OF _ AGING
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o 650°F

o 300 Frequency 400 Hz
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(_ , ,,1' ,, i ,I , ,,_ _) ., fiOO 200 3OO h 500 6OO '7OO

5OO

] _ 4oo!

- '..... ® ' , E}---, 0 0 O

0
o 300

SAMPLE R1
650°F
Frequency 400 P_

.. Altitude 73,000 Feet

0 i00 200 300 OO 500 66G 700Screen
Test ACCELERATED AGING - HOURS ,

580°F

20 Hours FIGURE 6.5 COY AS A FUNCTION OF THERMAL AGING

176

1986109911-173



500

o 0 _ 0,

0

o 300 ....c.)
SAMPLE R2
650°F
Frequency 400 Hz
Altitude 73,000 Feet ..

l | i I l l I 1 I II __ . ._iL lt_l

0 100 200 300 bOO 500 600 700
Screen ACCELERATED AGING - HOURS
Test
580°F
20 Hours

FIGURE 6.5 C0V AS A _INCTION OF THERMAL AGING i
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SAMPLER2.1
;_ 650°F

Frequency 400 Hz

_ititude 73,000 Feet

b I t i t a , -a_

0 i00 200 300 200 500 600 700
., Screen ACCELERATED AGING _ HOURS

Test

580°F
20 Hours

. FIGURE6.5 COV AS A FUNCTIONOF THERMALAGING .
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THE EFFECT OF TIM_ AND TEMPERATURE ON C_V

L

t

! 800 1,2 '1/- " -

o_

-_ 700 1,1

,..- 600_
%i,,,J t

.
. _ 500r .._',_tiQn_ ..... "
.'. I Temperature_260°C
" "" I Pressure 29 torr

,_, Wire 1"wistedPalr
Io.20,AWG II _ I I I I .!, I

0 200 400 600.800 1,0001,2001,4001,6001,8002,000

• 1"II,tE (HOURS)

Wire Specimen _terie_8

S_c linen _terlal
Number Thickness, CM Dielectric _terlals t

P1 O.O_,T Glass covered teflon T

ILl 0.0_ G_88 covered teflon "

0.036 Polytmide covered tef_-_n -"

R3 0.036 Poly_tde covere_ teflon ,

T1 0.056 Teflon J

T2 0.O65 Teflon
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HIGHTEMPERATURECORONA
AND

ACCELERATEDAGINGTESTS

CORONA AND PARTIAL DISCHARGE TESTS

Hightemperaturepartialdischargeandcoronatestswereobtainedby
_._ertingthewiresamplesinsideanovenconstructedoflightweight
,i:ebrick.TF.eovenwas placedinsideavacuumchambertoattain
d_pressurlzation.Thepressurewas keptbetween0.1and2 torr.

Theparalleltwlstedinsulatedwireswerecenteredwlthma 40 Inch
diameterthin-wallstair,lesssteeltubeforequaltemperaturedistribution

forthefulllengthofofthewirepair.Thestainlesssteeltubewas
groundedtoeliminateEMIconductedorradlatedtothetubebytheheater
andheaterelectroniccontrolelements.

Thetestwireswereheldinplacewithporcelalninsulators--onefixedand

theotherspringloadedtoprovidetensiontothetestwlres.Allmetal
edgeswereroundedandtapedtopreventdlschargesfromforminginareas
notundertest

Thetemperaturealongthesurfaceofthetestarticleswas measuredtobe
w_thin \�È�Ðthetestarticlesurfacefora lengthof30 inches.

ACCELERATED AGING TESTS

Acceleratedagingtestswerewlthandwithouta continuousglowdlscharge
surroundingthetestarticles.Theglowdischargewas selectedtosimulate
overvoltageconditionsthatmay existina malfunctioningpowersvstem.

Temperature Aging
Onegroupofseveninsulatedwiresampleswereattachedtoametalground
planetoou_amwlretogroundlifeinformation.Anothergroupofseven
twistedwlresamplesweretestedtoobtaintWlStedinsulatedwlreaging
_n/ormatlon.Thesame ovenandvacuumfacilitywas usedforbothgroupsto
obtainequaltestinformation.Thelongtermtestsweretestedata
constant230+5C.

61ow DischargeAging
Same astemperatureagingbutwitha continuousglowdischargeadded.
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,_.,.,,_ .i. _,.,,,,6__ + t- t. -- 1- --+E

0

J _ Condit;onq;:

Fa;led Temperature 260°C0
_' Note: Wire specimens Pressure 29 torr

are ident|f;ed ;n Wire TwistedPair

1 Table2. Ionization 700 volt; (wns)between

conducton of each pair

I ,I I I I I lat20to. |

0 200 400 600 800 1,000 I, 200 1,400
TIME (HOURS) w

FigureP: COVASA FUNCTIONOFTIME
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N96-17094 ",,

USAF/WL ROBUST 3130°C WIRE INSULATION SYSTEM PROGRAM STATUS

Wing Wong :,

TRW Space and Electronics _ _-.
Redondo Beach, California /7 -_._

,q

ROBUST _00"C WIRE INSULATION SYSTEM

PROGRAMMATICALINFORMATION

• WRIGHT LABORATORYPROGRAMMANAGER:JOHN NAiRUS(WL/POOC-1)

• TRW PROGRAMMANAGER:WING WONG*(SPACE& ELECTRONICSGROUP)

• KEY NON-TRWPROGRAMPARTICIPANTS

COMPANY ROLE
J

LAWRENCETECHNOLOGYAND FILMELECTRICALPROPERTYTESTING
TELEDYNETHERMATICS WIRE TESTING

WIREQUALITYTESTING

MCDONNELLAEROSPACE- ST. LOUIS DETAILEDWIRETESTING

POLY-MATERIALS POLYIMIDEPOLYMERPREPARATION

REXHAM CONTINUOUSFILM PREPARATION

t

*PREVIOUSLYMANAGEDBYROBERTJ.JONES

t
t

P
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ROBUST 300"C WIRE INSULATION SYSTEM

OBJECTIVE

THE OBJECTIVE OF THIS PROGRAM IS TO IDENTIFY, DEVELOP, AND

DEMONSTRATE AN OPTIMUM WIRE INSULATION SYSTEM CAPABLE OF

CONTINUOUS OPERATION AT 300"C WHICH POSSESSES A COMBINATION

OF SUPERIOR ELECTRICAL (AC OR DC), MECHANICAL, AND PHYSICAL

PROPERTIES OVeR KAPTOkP DERIVED INSULATIONS DESCRIBED IN

MIL-W_1381 AND THOSE HYBRID MATERIALS COMMONLY KNOWN AS

TKT CONSTRUCTIONS.

ROBUST 300"C WIRE INSULATION SYSTEM

TASK1 - FILM/ADHESIVECANDIDATESCREENING

• SHALLBALANCEVARYINGAMOUNTSOF FLUORINECHARACTERFORCANDIDATEPOLYMERS
AGAINSTEXPECTED(OR KNOWN)EFFECTSOF THERMAL-MECHANICALAND ELECTRICAL
PROPERTIES.

• SHALLMAKEAND TESTA MINIMUMOF SIX FILMAND ADHESIVECANDIDATESTAILOREDTO
CONTRIBUTETHEIRBESTPROPERTIESTO A SUPERIOR300"C WIRE INSULATIONSYSTEM.

SUBTASKS !

f

• FILM/ADHESIVESAMPLEPROCUREMENT/PREPARATION 1

- PFPI (4-BDAF/PMDAFORMULATION)- FPE 265 .,
- AFR7OOB
- FM680-1

; - MODIFIEDAFR700
'1
!

• DATABASEPROPERTYDETERMINATION

- DYNAMICMECHANICALANALYSISFORGLASSTRANSITIONTEMPERATURE
- TENSILESTRENGTH
- TENSILELAPSHEARSTRENGTHFOR FILM/ADHESIVESYSTEM _.
- ELECTRICALPROPERTIES(DIELECTRICPROPERTIES,BREAKDOWNVOLTAGE ..
ANDDRYARCTRACK _ .

1986109911-184
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ROBUST 300°C WIRE INSULATION SYSTEM

_ROGRAM LOGIC DIAGRAM i

, FY 93/94 USAF FY 94/95
USAF TASK1- FILM/ADHESIVEAPPROVALTASK2- DETAILEDFILM/
APPROVAL CANDIDATESCREENING OF4BEST ADHESIVESYSTEMTESTING

1' ' I OFFILM/ (MONTHSl TO6) CANDIDATE_(MONTHS7TO 12)PROGRAMAWARD ADHESIVE • MAKEPOLYMER • ISOTHERMALLYAGE
I SELECTMiNIMUMICANDIDATES CANDIDATES CANDIDATESINAIR,
| 0FSIXPOLYMERIC|- k )
I FILM/ADHESIVEI • TESTTHERMAL.ELECTRICAL HUMIDITYANDFLUID '

I CANDIDATES I ANDMECHANICAL • TESTELECTRICALAND. PROPERTIES MECHANICALPROPLr_TIES
', • SELECT4BESTMATERIALS ° SELECTTWOMOST

• DOCUMENTTESTPLAN PROMISINGSYSTEMS
. . _ I

' | USAFAPPROVAL
i

OFTWO MOST
PROMISING

FY 96 FY 95 • SYSTEMS
.... USAF

_ TASK4 - DETAILEDWIRE APPROVAL TASK3- INITIALWIRE
; DELIVER TESTING(MONTHS22T027) OFMOST iNSULATIONANDTESTING

WIRE • WRAPWIRE PROMISING (MONTHS13T021)
FINALREPORT SAMPLES • ISOTHERMALLYAGEINAIR, SYSTEM • CASTFII.MSANDAPPLY

= MONTH28- DRAFT4 HUMIDITYANDFLUID ADHESIVE
MONTH31-FINAL * TESTWIRE , WRAPWlRE

•' • TESTWIRE° PREDICTLIFECYCLE
' •" PERFORMANCE • SELECTMOSTPROMISING

SYSTEM
|

.!

°,
t
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ROBUST300"CWIRE INSULATIONSYSTEM ,

TASK1 - Results

Material I Kapton FPE-265 PFPI AFR700B FM680-1 Mod. AFR
Tg (G' Knee) 340 C 333 C 350 C 375 C 368 C 265 C
Tensile_n_n_h _._

RT 28.6 11.5 11.5

250C 17.3(60%) 4.2 (37%) 7.0 (61%) . .,
300C 11.6(41%) 2.8 (24%) 2.9 (25%)

DielectricConstant
RT .4KHz 3.46 3.07 2.08

1KHZ 2.45 3.1 2.08
30OC 4KHz 2.89 2.82 1.91

1KHz 2.88 2.82 1.91

DissipationFactor
RT .4KHz 0.0045 0.0057 0.0028
- 1KHZ 0-0051 0.0115 0.0011
30(0 .4KHz 0.0051 0.0017 0.001

1KHz 0.0044 0.0017 0.0008

Breakdown_kVImil)
RT IAC 7.3 6.3 6.3
RT IDC 9.9 11.4 10,4

S__tem PFPI/AFR PFPI/Cytec 680 :PE/AFR FPE/CytecI

Lap ShearI(ksi) 138RT 1.55 1.52 0.92

1300 C 1.00(65%) .58 (38%) .20 (22%) .33 (19%)

( ) Percentageof StrenlphRetentionComparedtoRT
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ROBUST 300"C WIRE INSULATION SYSTEM

ApprovedTask2 FilmlAdhesiveSystemCandidates
ContractF33615-93-C-2367, Robust300"C Wire InsulationSystem

Polymer/Adhesive Selection '
System Candidate Rationale

PFPICl_IAF-R-7OOB • Demonstratedexcellentpotential for serviceat 300°C with
glass transitiontemperature Iby,DMA, G' Knee) in excess of
3200C

FPE 265/AF-R-700B

• Demonstratedacceptablebondingcapabilitywith tensile lap
shear testing at RT and 300°C

PFPI/Cytec 680-1 m
• EliminatemodifiedAF-R-700 as adhesivedue to low glass

transition temperature(260°C), lack of lap shearstrength at
FPE 265/Cytec 680-1 300°C and marginalprocessability

¢ID4 BDAF/PMDA formblation

c=_Extracted resin from Cytec 680-1 film adhesive
f

!
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ROBUST 300"C WIRE INSULATION SYSTEM

TASK 2 - DETAILED FILM/ADHESIVE SYSTEM TESTING

• EMPLOY THE FOUR PROMISING POLYMERIC FILM AND ADHESIVE CANDIDATES RECOMMENDED
A'a_ THE CONCLUSION OF TASK 1 UPON AIR FORCE APPROVAL.

• SUBJECT THE COMBINATIONS OF EACH TO THE BONDING, AGING, AND TESTING NECESSARY TO
FULLY ASSESS THEIR POTENTIAL. A MINIMUM OF ONE PROMISING SYSTEM WILL BE SELECTED
AND RECOMMENDED TO USAF FOR ASSESSMENT ON WIRE IN TASK 3.

SUBTASKS

• SAMPLE BONDING

- BONDING PROCESS DEVELOPMENT BY TRIAL AND ERROR APPROACH

• SAMPLE AGING

- AIR-AGING AT 300"C FOR 1000 HOURS
- IMMERSION IN CLEANING SOLVENT DS-108 AT ROOM TEMPERATURE FOR t68 HOURS
- EXPOSURE TO 90"C/95% RH CONDITION FOR 1000 HOURS

• SAMPLE TESTING

- WEIGHT CHANGE
- PHYSICAL CHANGE
oELECTRICAL PROPERTIES

Task 2 Isothermal Aging Studies - Results

Test A. Effect of Air - Aging at 300oC on Four Most Promising insulation Systems

Percent Weight Loss on Air Aging By Candidate Film/Adhesive System'_:
Aging

Duration

, ;Hours) PFPI/AFR7OOB PFPI/Cytec 680-1 FPEIAFRT00B FPEICylec 680-1
i 24 1.3 1.2 1.8 5.6

48 1.2 1.3 2.2 6.7
9

120 1.6 1.6 3.9 10.0

* 264 2.3 2.1 8.6 =: 18.2 =J'''

528 3.7 2.9 21.6 50.0

768 5.0 3.6 27.0 65.6

-

1000 6.2 4.6 28.5 70.7

_Test sample dimensions approximately 1.25-inch wide x 1.25-Inch long x .005-inch thick consisting
of selected adhesive (thickness " .002-inch) laminated between two polymeric films (each ".0015-
inch thick)

b)Average of 2 samples
e_Onsetof severe sample darkening/curling

]92
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ROBUST 300"C WIRE INSULATION SYSTEM

j Task2 esothermalAgin_Studies- Results

Test B. Effect of Cleaning Solvent DS-108 Aging at 25 ° on Four Most Promising Insulation Systems

._ Percent Weight Gain on Aging By Candidate Film/Adhesive System `j_J
Aging

Duration

(_.Hours) _PFPI]AFR.700B PFPI/C_/tec 680-1 FPEIAFRTOOB FPEICytec 680-1
24 0.9 7.4 2.1 8.0

48 0.9 3.3 1.4 4.8

i20 2.5 7.5 2.2' 6.7
%

168 2.7 _;3' 1.8 5.4.

'_Test r_mple dimensions approximate!y 0.5-inch wide x 1.0-inch long x .005-inch thick consisting
of selected adhesive (thickness - .002-inch) laminated between two polymeric films (each ",0015-
inch thick)

b)Average of 2 samples, except for FPE/Cytec 680-1

'l
i
v Task 2 IsothermalAgingStudies- Results
.i

Test C. Effect of Humidity - Aging at 90eC/95% RH on Four Most Promising Insulation Systems

* Percent Weight Loss (4 or Weight Gain (+) on Aging By Candidate

Film/Adhesive System "_
Aging

Duration
(Hours) PFPI/AFR700B PFPIICytec 680-1 FPEIAF_I700B FPE/Cytec.680-1

24 -0.7 -0.1 + 1.1 -1.6

' 48 -0.9 -0.1 + 1.0 -2.1

_, 12C -0.9 -0,1 + 1.1 -2,6

264 -0.9 -0.1 + 1,0 =J -2,8 ©J

528 -0.9 -0.1 + 1.2 -2.4
J

768 -0.8 -0.1' + 0.1 -3.3

1000 -0,7 _0.1 + 0.3 -3.3

#

"_Tast sample dimensions approximately 1.25-inch wide x 1.25-inch icn9 x .O05-inch thick consisting
of selected adhesive (thickness " .002-inch) lamin3ted between two polymeric films {each ".0015-
Inch thick)

t_Average of 2 samples
_Onset of severe sample darkening
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+i ROBUST300°CWIRE INSULATIONSYSTEM

: TASK 2 - RESULTS

• FPE FILM IS NOT A 300°C MATERIAL

• PFPIIAFR700B AND PFPI/CYTEC 680 DEMONSTRATED EXCELLENT THERMAL-OXIDATIVE
STABILITY. BOTH SYSTEMS SHOWED ESSENTIALLY IDENTICAL DEGRADATION IN AIR-
AGINGAT 300°C FOR 1000 HOURS.

• BOTH SYSTEMS ALSO DEMONSTRATED E,'.3ELLENT RESISTANCE TO 90°C AGING IN
95% RH.

• FILM S_,MPLES BONDED WITH AFR700B ARE MORE RESISTANT TO THE ATTACK BY DS-108
CLEANING SOLVENT THAN THOSE WITH CYTEC 680-1.

CONCLUSION: PFPI/AFR700B SYSTEM IS THE TOP CANDIDATE FOR TASK 3.

TASK3 - INITIALWIREINSULATION& TESTING

• EMPLOYTHEMOSTPROMISINGFILM/ADHESIVEINSULATIONSYSTEM(S)RECOMMENDEDAT FHE
CONCLUSIONOFTASK2 UPONAIR FORCEAPPROVAL.

• SUBJECTTHESYSTEM(S)TO CASTING,INITIALWIREWRAPPING,ANDINSULATEDWIRETESTING
NECESSARYTO FULLYASSESSPOTENTIAL.

SUBTASKS

• FILMPREPARATION/PROCUREMENT

- FILMCASTINGAT REXHAM
- COATINGCONTINUOUSFILMWITHADHESIVEATTRW

" • INITIALWIREWRAPPIN_

• INITIALINSULATIONTESTING

194
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ROBUST 300°C WIRE INSULATION SYSTEM

i

REXHAMFILMCASTINGPROCESSOVERVIEW

SOLVENT: N-METHYL PYRROLIDONE (NMP)

PFPI VARNISH SOLID LOADING: 14.8% BY WRGHT
J

SPEED: 10 FEET PER MINUTE

CASTING SUBSTRATE: $-MIL X 18-INCH X 6000 FEEt MYLAR RLM

DRYING OVEN LENGTH: 40 FEET

DRYING OVEN TEMPERATURE (4 ZONES): ZONE 1 = 250°F; ZONE 2 = 300°F;
ZONE 3 & 4 = 350°F

HIGH QUALITY PFPI RLM PRODUCED: 2 ROLLS OF ~ I-MIL X 12-INCH X 400-FEET

i

Casting Soiution Preparation Cast PFPI Film i

ControlPanel DryingOven

195 ,,:
)

1986109911-191



.,-,.

il

ROBUST 300"C WIRE INSULATION SYSTEM

CONCLUDINGREMARKS

• AFR700BDEMONSTRATEDTO BEA 300"CSTABLEADHESIVEMATERIAL

• PFPI (4.-BDAF/PMDA)iAFR700BSHOWNAS THE TOPCANDIDATEFOR
300"CWRAPPEDINSULATIONSYSTEM

• SUCCESSFULCASTINGOF PFPI RESINVARNISHINTO CONTINUOUSFILM

• COATINGOF THIN LAYEROF AFR700BON CONTINUOUSPFPI FILMIS IN
PROGRESS

iv
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N96-17095 '

METALCLAD ARAMIDFIBERS FOR AEROSPACEWIRE AND CABLE

Edward W. Tokarsky, MichaelG. Dunharn,James E. Hunt,
E. DavidSantoleri,andDavidB. Allen

DuPontCompany -_/_ ._ -"' ,

Wilmington,Delaware .--., .-.

_: /4
t

Highstrength,light wd_t metal dad _d fiberse_
providedgnificantweight savingswhen used to replace
conventionalmetalwire in aerospacecable. This paper
providesan overviewof metal dad mmmidfiber materials
andinfornmfionon performlmceand use in braided
electricalshielding and signalconductor.

Background

ARACON*combinesOuPompara-aramidfiber
technologywith metalcladdings...

r Para-aramidFiber_
u

High
ModulusSimilartoMetals
LowI)emity
FineDiameter
'nmmalStability

DimemNulSmibility(,_j Ml_llm_ -'_

i

* ARAUONis a tradenameof a productmanufacturedby the DuPont Company.Tradenames or
manufacturers'namesare used in this reportfor identificationonly. This usageaoes not constitutean
officialendorsement,eitherexpressedor implied,by the NationalAeronauticsandSpaceAdministration.

: 197
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Base P-aramidFiber Properties
! Nominal

Tensile Strength 425 Ksi

Tensile Modulus 12 - 25 Msi

Elongation 3% - 4%

Specific Gravity 1.4

Filament Diameter 0.6 mil

Decompqsition Temperature .500°C

Comparison of Specific Gravities

M_.rial SpecificGravity
Copper 8.9

Nickel 8.9

Tin 7.3

Silver 10.5

- Aluminum 2.7

ARACON
65% metal 3.1
85% metal $.0

198
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ProductOffering

Properties BaseYam vs.Copper
Individmd Fiber Diameter 0.6 rail

(~ 54 AWG)

_ Fiber Tensile Strength, Ksi 350 min. 35 - 95

Fiber TensileMedulus_Msi 12 rain.

!,

KeyBenefitsofARACON
OverTraditionalCopper

.y

ConductorsInclude:

: • Weight savings
• Strength and durability
• Flexibility
• Tailored electrical/

mechanical property
balance

_ 199
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WeiGhtSavingsPotentialforCables
(VarietyofAerospaceCableTypes)

Concept
Replace Wire in

Shieldand/orConductorwith -i
MetalCladAramidFiber

!

1986109911-196



Produ_Typu
ARACON" No.of Filmnents
Size (No.ofConductors) Apprx.AWG
55 24 38

200 89 32

400 178 30

600 267 28

1125 500

Metamc clads available: Nickel
Copper
Tin
Silver

Range of metal cladding possible: 15 wt% to 90 wt%

Major interest to date in 65% to 85% metal content

MostExperienceto Datein BraidedShielding

z

Shielding

201
t_

1986109911-197



CopperWireBraid

•" ARACONBraid

,+
+

t

Coverage

ARACONoffersgreatercoveragein
shieldingapplicationswithoutimpairing
pushbackcapability.
• Large number of flexible,

+ finediameterconductors

2O2
i

+,
t
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TwistedPairCableComparison|

,. Cable ComponentWeights

3.0

2S

1.0,

0,5-

00.

_ TransferImpedance i

100:

O:

_'o m _ 4'o m _ m i m lm

CaseStudy-- Shieldingul

CoaxialCableComparison

A_very high(GHz)frequ_nde_ ARACON can
improveshieldingand reducewright

ShieldiH _mm. dB

%wt_ 2-46HZ 16-18GHz

$_rZesrmkr
RG$8 100 57 52
RC,_ARACON 77 68 85

Do_/e Bn_
RC,2_ 100 94 107
RG27.3 I_,_,LL,ON 72 124 110

203
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BraidResistanceBeforeandAfter
1OKampsLigldmingStrikeTests

Resislance
Besisllnce Allw Six
AlterSix MdiGmull

Initial Sugms. SUgum.
Cable Shield Cable Resillance Wlvefonn1" WavMonn5P"
Nundm"Omui" Oia.(im(mOl._ mOl._ (mOlu_
1
2 Control -Wh'¢ 0.68 1.70 1.70 1.50

5 ARACON 0.40 12.00 12.50 ll.O0
.?0_k- 85%
Cu/Ni

; AI_CON 0.68 46,50 44.00 42.50
70% - 85%

i 7 ARACON 0.40 80.50 68.00 5"7..$0
$0% - 69%

8 ARACON 0.68 30.00 M.00 30..$0
$0% - 69%

9 ARACON 0.40 11.50 10.50 10.20
70% - 85%
Cu/N_n

10 ARACON 0.68 14.00 14,50 14.50

(hn/Ni_n
_,C,mnMr_ul adm:rafirut wuvllbrm
**Militaryui_wrt umt_

MinimaleffectofliglRing strike,variationsdependon
metal contut anddimnetm.

Conductor

2O4
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ARACONLinearWeightvs.% Metal
200dBaseProduct

• ,b_ , r---'--m" , ,

, _ ,I"-.--o.--_ Je_ , ,'-- --

L

: ..I,- i, . . .m ,, "" . ,; '

• ARACON offers an opportvnity to
provide lightweightconductors with the

t abilityto separatelytailor weight,strength
and electricalpropertie_

Cem_nts4m d Dimeters
, Bid.ll_ded AWGvs. Araeo_

"° l.i: ,,.-
, , _

' ....... .'# _." _ IX,_)

I0!

m m Ill / ,,,,0"'o, 9(400)

I-......
l

'° _" ......... / _ " -_ ,,,,_

T l . __J _a,",

. L
Ik
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ARACON Resistivityvs.MetalComtent
- EstimatedVaI.Jes

I

|
i

o

-_ 711 m IB w m

i
i

PreliminaryTypicalPrope_esComparison
OC

Wi. Irlmk
Dial IIm. 11¢ lUWqlil

AW6 Mulmial [nil) Collmc_o,, T_ IOiIA4) IIIIAIIQ lib1

2. {'ii'_._ 2,t.1l-"3." 19;.Id) I.ililli) _i.(, 1.45 I,I
(_%.O¢ _...I.1_,-_4.1i ItJl.l_i) L llil'.-'t "l_4 1.FI 14

("_ -q_'_"II l_ LI._ _,.I,.X IiJ'.'_l_ll L hi|d% _5.1J I -..¢_. .14

Cll,:%i :t.(I-:,.,i.II Iq!.l_; I'nillc, "F2 I_fl 13

%R4t.O"*, Z%-=._ ) .r_AId_L,-.lill I nllll) 1?l'i._15 iJ.._"_.tl...¢_ _4,.4_l't

_1%("(1% {t-2# l iZSdi_-l-lCll ! ilib'", 110-1"7,(; 0,.52-11." ,iil-4_i

_.R,tCi')k 23-2_ _-hlcl/qii-97 l.'ilil._ 9.¢,-1tl ti,,62.11._I +l(1.3_

26 Cu/A I 18,A.Lq.0 19/'341 UiMy 37._ 0.932 9
CS-I_I lllb20.0 _ Ulil_ 5"/.4 _ 21£

(FP!_AII 18.8-111.0 !t/38 Uilll_ S41.4 0312 21,$
CI/Ni 11.4.19.2 19/3l U/lI_ 41 OJ_ i

AiiJICON ILS-10 l12.qdP_-79 Uill_ 400-1200 0.111-0.21 40.45

ARACON' 18.S-i0 i4011t44 U/l_ 210,-MO 0.11-0.39 30..._

AXACON IIL_20 _ _ !20-1_ _ l&18

'2.,"; ("u,;_ 14.i)-14.ti 19,"ill I ilillll," &t.I tLFt_2

(-'._-It_ 14.4-1_,6 t_.'40 I lil,ly _ 0,.,_194 1".7

i"._.qS/&g 144.15,6 Iq/.lO Iml,_) .').l,_iO_¢Qq 12.7

Cu/Ni 14JI-i._,l 19#_0 Lnil',) '%,".6 ,,j.(_13 ,_

%RA(.ON 14-I,_ 41XId/_ I.iilliy lYik,141l IL2,.li,27 ih-lll

)11 ('u/%g IZ.Ibl3,O 1914_ C%n 16,,.I tl,ll4 _,
(_-_ ] I._- I.'LII I q,'42 C,,n I .'I" n.t92 g.2

f .'_,-'.h _,,,,:, II.!l.l_.0 Iq142 (on I,ill u.31_ 8.2

Cu/hl I t,.ll-14.tl I I_/,,1_ f'Oll II_J IJ.*i(Il) l

ARI( (l:_ 12-14 41ttk¢"l'.X5 l _*_li_ lilll.lllq 0.11-tl. "_ lt'_-IX

,kit.Ai:Oh L2-14 :llOd,_2-gF. I nil,,y :_l-40(i 0.11,1-ii.3 %9

:._ ( 'lU,li g 9,U.q,6 ";r4ti Ciin I (llll _L_II .*

( .'_._ 9.4- !11.,¢ I9_4,S ( ,, "42 O._,.""r'6 ¢,I

(.'S.9_I#.%1_ Y.4,-Ill...ll I9/i,,i Ctm 2.t4 O,_* ._.l

('t.i._i _.(I.Q,14 "t41) Ciln I,'77 IL" II 2

Al(,lll'('i% IJ.lf).l "_(M)(_'?k._Q'_ I nlh,_ hlNl-I.lql(I II.il.',41.1: !.q

2O6

,t
i
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Conductancevs.SI]'ength

1
Q/I,OOOn • lb/l,O00rt

0.030,

"Conductance"o.o2o,
0s-95 x

*R

0.010 ,_ -x-

0.000 i ' I !o.o ,;.o 80.o,2o.o1_.o2&o

Terminatio, Performance
BraidedShield
Soldered:

• Good results from Raychem solder sleeve connection.

• Other soldered connections _ no problems.

Crimped:

• Excellentresultsfrom band-typeconnectorsmade by !
Glenair,Inc. [

f

Conductor *

C_: _
• Preliminarydata from Daniels Mfg. Corp.sl:owed -

consistentpull-outstrengthswith22 D contactswith
highsettingoncrimpingtool.

Soldered:
• Datanot yet complete,uo problemsanticipated.

Experienceto dateshewsthat ARACON can be .,
tonninatodutilizingpresentindusW/procedures.

i'
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ConductorCrimpedTermination
BasedARACON

PolishedCrossSections
LowandHighMagnifications

ARACONCrimpTestResults
Daniels Manufacturing Corporation

ARACON YarnSizes
• 200d,400d

Contacts
• WireBarrelSize-- 22D
• M39029/$7-354
• Tri-StarF.,]ectronics

i

Tooling
• ToolFrame M22520/2-01
• PosWoner M7_29/2-06

Results
Number

Number Broken *
Number __ Numbar Broken Outside

Denier ofTom low High Avg. ofPullouts,,antCrimp,,Crimp
200 4S 3,? 7.0 &2 0 6 39(_'_)
(s.t2AWG)

_o so _.z v.3 9-_ s o 4z(u_t)

208
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DanielsManufacturingCorporation
Conclusio.s

• ARACON fibers are crimpable and
void-free terminations are achievable.

• Strength of crimp is comparable to coF;_er
conductors of similar diameter, but with a
far greater strength-to-weight ratio.

• ARACON compresses and becomes more dense
on crimping, whereas metal extrudes from the
crimp joint.

• ARACON is likely to be less sensitive to,!

fl_x damage.

i • There is no evidence of work hardening
as with copper.

Safety/Handling/Disposal
• Three-day test during braiding, rewinding for i

respirables; better than OSHA and DuPont _
permissible exposurelevels. -i:

• Safe to bury or incinerate.

• MSDS sheets available.

2O9
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I

ARACONDisposal
• Recommendation
; • Safe to bury.
_" - P-aramid is not listed as hazardous waste by RCRA.
, - No newhazardsfor metalliccomponents.

• Incineration OK where allowed for cable.
- P-aramid can be incinerated.

> nigh carbon yield, low smoke. _-
:' > Off-gasessimilartowooLy-

• Recydabmty?
" - No defined route at this time.

- W'dl consider after commercialization.

Wedo notbelieveAIM,CON to be
a worse hazardthancurrentcable disposal.

SummaryandConclusions
ARACON-- New technologyfor
conductorsandshielding insignal cable.

• Features:

• Greater strength ]

' • Reducedweight

• Better flexibility ,!

j • Wide temperature capability

• Tailored electrical properties

• High braid coverage with pushback

• Cables can be made with present equipment

• Terminateswith existingtools

• Trialtestresults-- betterthananticipated
. plusaddedbenefitsobserved, "

' •WHlingtowork withyou on new trialinstallations.

210
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: N96-17096
i EVALUATION OF HIGH TEMPERATURE POLYMERS

._ K. Jayaraj, W. Dorogy, B. Farrell, and N. Landrau _,
Foster-Miller, Inc. J/ _ -,_'

Waltham, Massachusetts

G& o

High Temperature ,7- l)
Aerospace Insulation

• Goal

- Identify and develop arc-track resistant insulation
materials that can operate reliably at 300°C

• Phase I SBIR program, July 1991 to January 1992

• Monitored by Mr. Caorge Slenski, and Mr. Eddie White
of USAF Wright Laboratory/Materials Directorate

• Phase II program: Ociober 1992 to September 1995

• Contract monitor: Mr. John Nairus

Foster-Miller Approach to Developa 300°CRated,
Arc-TrackResistantAerospaceInsulation

Large Classes of High Performance Polymers

Evaluation Basedon
Pha_e I • Structure

' Program Thermal Stability
t • FJectrlcalProperties: 6 Msterials

II • ExperimentalCharacterization
• Rank According to Performance

2 l_derlals
I"'_._ ,,--'_'_b • Experlmentel Evalustlons in
i n-w- B Wlm Configurstfon

• Selection BaNd on Performance
and Commercialization Potential

One MaterialSystem for Consideration to Include in QPL ,_

211
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Advantages and Disadvantages of Key Structural Feat.ms

Structural I

, Features Advartagas Disadvantages
n

b;luorlne content For low dkdectric constant, low loss Aliphstic fluoropolymors, such as Tefzol, hove_poor
factor, high volume resistivity, unflonn m4_chenicelpropedles st _igh temporMuras. ]o
eisctrlcel properties over a wide range of overcome this limitation, must incorporate other
temperatures, resistance to erc-tranking features

i

Liquid crystalline Solvent resistance, high thermal stability, Liquid crystldlinepolymers are difficult to process, need •
and possible improved mlstance to to incorporate additional fcethm, e.g., polylmide Iarc-trocklng

Polylmlde High themml stability, abrasion Poor reslstlmce to aro-trasking. Improvedthrough i
rsslsten:e, and good proceesablUty introduction of additional futures, e.g., fin,urinated

]groups, c.-ystmllinlty

Aromatic High thermal stability Highly awommtlcpolymers yield conducting char upon
i pyrolysis

, I
Rigidity/ RIgMlty Increases thermal and mechanical High rigid polymers can be Intractable, difficult tostiffness ce_bii.lty, _tnd reduces susceptibility to process, and low elongation to break. Some degrees of

SOlVents flexibility desired

,,: Cross-linking X-linking significantly increases thermal X.linking greatly reduces flexibility, reduces elongation
stabHy..This processis widely used in to break, and embrlttles
the deVelopment of 371"C-rated

; composites
m

._ Carbon High carbon to hydrogen ratio Inorsusas High carbon to hydrogen radiomay cause the formation •
/hydrogen ratio thermal capability of polymers of conductive char and susceptibility to arc-tracking l

HE

212
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DetailedProgramPlan

Performance Goals for
Selected Materials

• Arc-track resistance

- >180 sec using ASTM D495

- Concern: 0.125 in. thick samples

- Develop alternate test for thin films

• Lifetime > 15,000 hr at 300°C

• Cost comparable to Kapton

• Amenable to manufacture into aerospace wire
I configurations on current equipment with little

or no modificetion

213
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Initial Set of Materials

6F-PBO-PI Hoechst Celanese/Foster-Miller
, i

6F-PBO thermoplastic Dsychem Laboralorles, Dayton, OH
benzoxazole polymer

3F-PBO-PE Virginia Polytm:hnic institute

., Low-char Polylmlde Dupont

6FOA (20%) PMDA (80%)-4BDAF Virginia Polytechnic Institute

36FDA-FDA United Technologies, Hartford, CT

Xydar blends AMOCO/Foster-Miller

MechanizedFilm Casting Setup

214
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Verification of Procedures

• Polyamic acid of Kapton was cast into films,
cured and tested to verifyprocedures

• Arc tracking results agreewith publisheddata

• Film cashing, thermal treatmentand test
., proceduresvalidated

Arc Track Resistance Tester

• Test methodASTMD495

• Apparatus

215
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Arc Track Resistance-
Critical Parameters

• Film thickness

- Test method requires 125 roll

Our tests indicate5 roll thickness is sufficient

• Pressure of electrodes on films

• Angle of electrodes

• Volatile content of films

• Heat generation during testing

• Surface cleanliness

I

Arc TrackingResistance- RibbonTest
A High-Voltage, Low-Current Test was Developed by

Sigma Labs which Highly Differentiates Test Films
!
t

ArcTmcldng Test Setup

Stare StN_ ElJct_x_

• Steelelectrodes,2 in. long
_0., T_ coveredwithlaye_ of film

a. ,r _ • Distancearctracksin3 rain
at 7.5KVis noted

• Smallerdistancethat arc
trackseqdalsbetterarc

,,c_,,_ trackingresistam;e

T_ o" kere Fltat t.ayl-s

216
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Initial Evaluation

• Arc-track testing Indicated that these
materials may not meet program goals

• A new set of polymers were Included
In the evaluation

New Materials

6FDA-I"FMB - High1"9,highfluorine content (31%)

LaRC-CPI - Highly crystalline rnated-I

Aorimide - Arylene ether phosphene oxide
t

i . Expected to form a non-conductive char

Slioxane Copolylmldes - "in aitu" silicon dioxide formation

DuPont fluorinated polyimide - High fluorinecontent (43%)

Polylmkle-clayhytxtds, proprietarypolymer

217
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, Candidate Arc-Track Resistant Polymer
, Electrical Properties

ii |l

D-495 Ribbon Didectric Dissip'n Dielectric
Arc Track Arc Track Constant Factor Strength

Polymer Resistance Resistance (KV/mil)
(seconds) (inches)

,m

Kapton HN200 120-180 0.75 3.40 0.002 6100

Upilex 180-240 3.50 0.001 5100

PBO 180-240 1.6 3.48 0.011 6000

6FDA/PMDA/4BDAF 60-120 0.69 3.25 0.003 6740
(30 rains, 400°C)

6F-PBO-PI 60-120 3.22 0.006 5400

(30 rains, 420°C)

6F-PBO-PE < 60 1 2.66 0.007 5570

(20 rains, 400°C)
i i |l ill

ProprietaryI-ITPolymer 180-300 2.92 0.006 7000

36FDA/m-PDA < 60 3.12 0.003 7200

(40 rains, 400°C)

LARC CPI < 60
u

TRW Partially 3.1 0.001 6000
Fluorinated

Polyimides

PerFluoro(Ethylme 180-240 2.1 .0001 4050
ethoxyethylene)

i u

3F-PBG-PE < 60 4.04 0.014
(20 mins, 400°C)

DuPont < 60 4.83 0.013
_" Low Char

Polyimide
. (15 mins, 400°C)

i

DuPont < 60 2

Fluorinated Polyimide

6FDA/TFMB < 60 3.12 0.005

AORIMIDE < 60

52% Siloxane Copolyimide < 60 2.72 0.003
, ,,,,,

Polyimide 8e Clay Hybrid < 60 6200
I

218
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a_ m _ •CandidateAr,. T=ack ResistantPoi,mer
Thermomechanical Prope:lies

|. ii i i rr all iq ,m

Tg Th ¢rmogravimetric Coeffidmt Of
Polymer (°C) Analysis Thermal Expansion

(°C @ 5% wt. loss in air) (ppm/°C)

Kapton HN200 360-4!0 527 20

Upilcx > 500 590 0.8 (20-1o0°C)
i-

PBO None
i i =

6FDA/PMDA/4BDAF 279 439 44 (< 0°C)
(30 rains, 400°C) 64 t>I00°C)

|

6F-PBO-PI 40 (-100->200°C)
(30 rains, 420°C)

6F-PBO-PE 290 501 35 (< 0°C)
(20 rains, 400°C) 55 (>100°C)

in

ProprietaryHT Polymer None 0

36FDA/m-PDA 325 34 (-100->200°C)
(40 rains, 400°C)

LARC CPI 258
i

TRW Partially -
Fluorinated
Polyimidts

PexFluoro(Etbyl:ae - 466 130 ,'-100 -> 200° ,
ethoxyethylene)

lie •

. 3F-PBO-PE 299 -
(20 rains, 400°C)

=

" DuPont 230 -
Low Char ,
Polyimide

(15 rains, 400°C)

DuPoat
Flrorimaed Polyimide

ii

6FDA/'rFMB 335

AORIMIDE

52% Siloxane Copolyimide
ill J

Polyimide 8% Clay Hybrid 363 478 16(-100 -> -50°C)
20(100 -> 2500C)

|
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CandidateArc-TrackResistantPolymer
Physical and Chemical Properties

P

Polymer _mk Stress % Sa'ain at Break Modulus
(i_i) tKSl)

Kapton 20VHN 28.9 43 320

Upilex

PBO -140 2.5 7.5

6FDA/FMDA/4BDAF 12.7 6.7 280

(30 mias, 400°C)

6F-PBO-PI 13.3 4.6 350

(30 rains, 420°C)

6F-PBO-PE 13.3 7.7 276

(20 mira, 400°C)
lItl

Proprietary HT Polymer 38.1 6 1680

36FDA/m-PDA 16.4 4.4 370

(40 mins, 400°C)
i

LARCCPI 60 -
H

TRW Pmially
Fluorinated
Polyimid_

w m,

PerFlucrt_Ethylme
ethoxyethyleue)

3F-PBO-PE
- (20mills,400°C)

i

DuPont
LowChar
Polyimide

(15mins, 400°C)
ii iJ

' DuPont -

FluorinatedPolyimide
iii

6FDA/TFMB

AORIMIDE
ii

52%SiloxaneCopolyimide ,_

Polyimide8%Clay Hybrid
i
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Summary _,
I

• Most candidate materials failed due to a
conductivechar

• Fluorinecontent is not solely responsible for
arc-track resistance

• Materials believed to generate non-conductive
char failed

• Highly crystallinematerials also failed

" - Film quality appearsto Impact arc-track resistance

• Proprietarymaterial,upilex and perfluoro (ethylene
ethoxyethylene)are better than Kapton

• 6FDA/PMDA/4BDAFis comparable to Kapton
in arc-track resistance

221
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N96-17097 t

ARC TRACK RESISTANT POLYMERS FOR SPACE APPLICATIONS

Ross Haghighat

Triton Systems, Inc. "-J " 7Chelmsford, Massachusetts _ _. _ _-

. i

/5

TRITON SYSTEMS, INC.

Develops Materials & Process Technologies in:
e

* Specialty Materials - Advanced Polymers, Ceramics & MMC's
• Scratch Resistant/Antirefle .*tive Coatings
• Lasers Media - Biomedical Applications

and Pursues Technology Transfer Through:

• Joint Development
• Licensing
• Joint Ventures

i
i

I

TRITON'S MISSION FOR NASA i
t

ECONOMICALLY COMMERCIALIZE
AORIMIDE POLYMERS FOR

SPACE, ELECTRICAL AND ELECTRONIC
APPLICATIONS

i
.!
i 223
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New Electrical Insulation Materials Requirements

• Easily Processed
• Amenable to Scale Up
• Arc Track Resistant
• Atomic Oxygen Resistant
• Light Weight

AORIMIDE* (PAEBI) Is

• Highly Processible
• Can Be Applied as Varnish or Tape
• Exceptionally Resistant to Atomic Oxyegn
• Light Weight (p 1.2 g/cc vs 2.1 for Teflon)
• Is Exceptionally Arc Track Resistant

* AORIMIDE is a tradename of a product manufactured by Triton Systems, Inc. Tradenames or
manufacturers' names are used in this report for identification only. This usage does not constitute an
official endorsement, either expressed or implied, by the National Aeronautics and Space. ..
Administration.

224
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PROPERTIES KAPTON * FEP TEFLON * AORIMIDE Test Method

Tensile strength (ksi) 10 - 25 t 2.7 - 3.1 2 19-236, 20.27 ASTM I)-882
MPa 70 - 170 18 - 21 130-160, 139

Tensile modulus (ksi) 290 - 450 ! 50 2 5566, 6117 ASTM I)-882
GPa 2.0 - 3.1 0.34 3.83, 4.21

Initial tear strength 20.0 I 13.6 7 ASTM-1004
g/_tm (JISC-2318)

Propogated Tear strength 0.47 3 ASTM-1922
_/_rn (JIS C-2318) '

Elongation at break % 70 I 250 - 330 x 17.8 6, 16.5 7 ASTM D-882

T_ "C. 350-380 275 (Tm) 2 350 - 375

¢,.:rv: 30 - 60 ppm 53-108 ppm 4 20 - 30 ppm ASTM D-696
Thermal conductivity 0.10 - 0.35 I 0.25 2 ASTM C-177 or

@ 23 C W/m K ASTMF-433

Dielectric constant 3.4 I 2.10 4 2.95 8 ASTM D-150
@ IMHz

Dielectric strength 7000 v/mil 500 - 600 v/rail 2 7000 v/rail 7 ASTM D149
i @ 251.tmthick (280 kv/mm) 1 (1/8 "thick ) (JIS C-2318)
; Dissipation Factor 0.010 1 0.0003 4 0.0199 8 ASTM I)-150

@ IMHz

Surface resistivity f_ 1x 10 16 1 > 1.0 x 1015 I_ AS.TMI)-257

Volume Resistivity f_-cm 1 x 10 18 l >"2 x 10 18 4 >3.1 x 1015 8 ASTM D-257

Moisture absorption 0.2 - 2.9 % I < .01% 2 2.11% 7 ASTM D -570
24 hrs

Density (_,/ee) 1.42 2.2 1.35 AS'rM D-792
A/O resistance low _ood EXCEPTIONAL

; Resistance to Ultra violet _ood I good EXCELLENT
i ()ptmal Transparent Transparent Transparent

( brown ) ( clear ) ( yellow )

*KAPTON and FEP TEFLON are tradenames of products manufactured by the DuPont Company. Trade
names or manufacturers' names are used in this report for identification only. This usage does not
constitute an officia_endorsement, either expressed or implied, by the National Aeronautics and Space
Administration.
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APPROACH
l

DEVELOP THE INFRASTRUCTURE TO SUPPORT:

• Synthesis of the Polymer

• Processing into Useful Structures

• Identify End Applications

• Identify Performance Criteria

• Develop Prototypes

• Characterize Performance

• Provide Prototype Parts to End-Users

• Commercialize

Conclusions on AO Tests on
TOR & AORIMIDE

Los Alamos, 1993, and MSFC, 1994

21

• Fast AO testing at 10 AO/cm2 !
[

:i Aorimide 20 X more AO Resistant than Kapton tI
_ Aorimide 3 X more AO Resistant than Teflon

• Slow Asher Testing at 1A x 10 AOcm2 "

! Aorimide > 5 X more AO Resistant than Kapton :
Aorimide not tested versusTeflon

z

!

!
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Comparison Of Atomic Oxygen Resistance

25

Errosion after

2 0 40 Hours

u

"_,...1 5 • Before
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0.003 |_ .,L I ' I ' I J I I

I PAEBI

0.0025 _ "- Mylar _'-
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1

Arc Track Resistance Set-Up

P.c._-ies P,_smor,IC_.225w

Pow_ Supply:O-_00vI_., O-17A, IO00W

4L " I I I I .[
3s_ i ..... i _.o__i oooo• _-...........:..- ---:.-.... -,_._-..--CsTa,,_._-

3 --_......... --?:.... 0-0_o ..... -e._-._..... ,-
E . _o , oo : o , 3

•-. 2.5 .......... 5-0..... e_4a----t, ....... t-.......... -4-

_o 2 ..... E_. jamB_ARcE
!oo ,o._,_oooo_.... : _

_"_-..-:_0-__- :.......1............!..............

. 0.5 4 _-----'...... --_-0 :_xxx_xxxx+xxxx xxx_
0 5 10 15 20 25

Arc Incident
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Propagation vs. Arc Incident

3.5

)
0.5 "";:_'

: 0

Filotex Ter_lit__ 9 Ba_:el PAEBI
Arc Incident

3.5_ M PAEBIi,_ : ! ). i ! iii'-'7";"-'_-'"7--!'--_--'_--_ i ! i )..... ! i) " "

,iiililli!),!i....ili!iii "

o., iJiIl Ili|lti-_t,_
o i i i i, i ( i I i I ! i i (

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ARC INCIDENT5
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AORIMIDE- The Most Corona Resistant
Unfilled Polymer

VOLTAGEENDURANCE
412 HZ, 3 KV, 1/4" ELCTRS, 10 MIL FILMS

1200I-- I
1000

8OO

6')

600O
-I-

40O

200

0
MYLAR-1 MYLAR-2 .PEEK P.SULFONEULTEM PAEBI

-, TIME FOR5THFAILUREOF 9 POINTS

i
}

!

UPCOMING ACTIVITIES

• Optimize Wire Coating Application

• Verify Test Performance

• Coordinate with NASA Missions

• Develop Prototypes

• Space- Qualify
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i N96-17098 ,
!

WIRING DESIGN FOR THE CONTROL OF ELECTROMAGNETIC INTERFERENCE (EMi)

George Kopasakis

Power Technology Division .__f'. / -- _ _

NASA Lewis Research Center 4 _"Cleveland, Ohio --' _-

d4

t _

k

. WIRINGDESIGNISONLYONEIMPORTANTASPECTOFFill CONTROLOTHER
IMPORTANTAREASFORBill CONTROLARE:

-' - CIRCUITDESIGN

- FILTERING

- GROUNDING

- BONDING

- SHIELDING

- OTHERAREASUKE;LIGHTING,ELECTROSTATICDISCHARGE(ESD),
, TRANSIENTSUPPRESSION,ANDELECTROMAGNETICPULSE(EMP).

* AWIRECARRYINGCURRENTGENERATESMAGNETICANDELECTRICRELDS
DESCRIBEDBYBAXWELL'SEQUATIONS,ANDFUNCTIONSASANANTENNA.
THECABLEEFRCIENCYOFTHEANTENNADEPENDSONITSLENGTItCOMPARED
TOTHEWAVELENGTHOFTHESIGNAL

* LOWFREQUENCYEMISSIONSARECONSIDEREDWHERE'tl'IELENGTH
OFTHEWIREISLESSTHAN10%OFTHESIGNALWAVELENGTH,WHICHIS
NORMALLYTHECASEWITHPOWERCABLES.

• COUPUNGMACHEI_ ARE:

- CONDUCTIVE,E.G.,COMMONMODENOISE

- INDUCTIVE(RADIATINGMAGNETICFIELD),E.G.,CURRENTINA CABLE

t - CAPACITIVE(I:IADIA_NGELECRICFIELD),E.G..HIGHTENSIONUNES

231
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. WIREMAGNETICFIELDEMISSIONSATLOWFREQUENCIES

s SINGLEWIRE B(Weber_=).Magne_RuxDensity

I_: 4_11)"7H/m
is=14._..L!

..o 2_r

,,By PARALLELPAIR

! d I

B.,..= By = _rlr-_'-_ =F'_I

_.._ co_ c_
zl ",:m,, credo, _,s 2_ r (r+6)

• WIREP,ADIATm_DMAGNETICFIELDEMISSIONSATLOWFREQUENCIES

__l._,d TWISTEDp__AIRCABLE
BraE= qlo(q)e"_'_ q : _..._d

P

Io(q)isa othordermodifiedBamelfunctionof 1stIdnd

B.,,_ ,wu wrt.m COMMONMOOE

[_:-__ _-m--_," B_ '_
o. .,

ELECTRIGRELDRCKUPDUETOMAGNEllCF'IELDEMISSIONS

E=A ._ A- kx_)Imm
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WIREDESIGNGUIDEUNESFOREMICONTROL

' _,IREDESIGNAPPROACHESFOREMICONTROL

- PARELLELWIREPAIR

- WIREPAiRTWISTING

- COAXIALDESIGN

i - BALANCEDLINES
Et

- FLATCABLE

J • THEOlSTAIICE"r"ISAGEOMETRICALORSPEClRCATIONCONS_, THENd"CANBEMADEASSMALLASTHEWIREPARALLEL_*/IREPAIR,ASSUMINGTHECURRBfrISAPERFORMANCEREQUBBIBCrANDCANNOTBECHANGED,AND

! INSULAllONWILLALLOW.THISIS/iNEFFECTIVEWAYOFREDUCINGMAGNETICREIDEIi;SSIONFROMAWIREPAIR,IFr
CARBECHANGEDTHENATTENUATIONIS40¢18PERDECADEOFDISTANCECHANGE.

• IDEALLYTHECOAXCABLEHAS140MAGNETICREIDEMISSIONS,BUTBECAUSEOFMAHUFACTU_IGTOLERANCES
SOMEC:CCENTRICITIES"8"WILLBEPRESENT.THECOAXCANBEREPLA_EDFORANALYTICALPURPOSESBYAWIFIE

, "-';RSEPARATEDBYTHISECCENTRICrrY"8".

• THE,_iGLEWIREWITHAGROUNDPLAHERETURHISTYRCALEXAMPLEOFDCPOWERCHAIRCRAFT,WHERETHE
AIRCRAFTSIOHFUNCTIONSASTHERETURN.USINGTHEIMAGETHEORYTHISARRANGEMENTCANBEREPLACEDBYA
WIREPAIRSEPARATEDBYADISTANCE"2ti".COHTROLUNGTHISDISTANCE,KEE_ ITTOAMINIMUM,W_U.UNITTHE
MAGNETICRELD.

i , FORTHETWISTEDPAIR1TIEDIREC11OflOFCURRENTFLOWINADJACBICrLOOPSISOPPOSITE.ATANOBSERVATION
POINT,SITUATEDSYMMETRICALLYBETWEENTHELOOPS,THEMAGNETICFIELDVECTORSFROMEACHLOOPCANCEL
EACHOTHER.ASEACHLOOPCANCELSTHEFIELDFROMITSNEIGHBOR,THEONLYUNCAI/CELLEDLOOPSWILLBEAT
THEEXTREMEENDS.

, - THERELDDROPSOFFATARATEOF60dB/DECADECHAkGEINDISTANCE
- ATCLOSEDIS'rANCETHELOOPDIAMETERORPITCHOFTW1STHAVEDOMINATEEFFECTS
- PRACTICALLIMITIS60dB
- ATHIGHFREQUENCIESAT'rENNA_DROPSOFFWHENTHEREISPHASEDIFFERENCE

Oi::THECURRENTINTHEWIRE.
- HIGHFREQUENCYUMITA'nON

IHI. N_.__, Sin(xShr.Z) Ho-MagnitudeofF_ldotUnlwimdPair

- REDUCTIONOFPICKUPDUETO1Y/ISTINGCOMPAREDTOAPARALLELWIREPAIRISEXPRESSEDINTERMS
OFTHERATIONOFTHEIRAREAS

- hNISTINGHASLITrLEEFFECTONTHEREDUCTIONOFELECTRICRELDEMISSIONS.THESESHOULDBE
SUPPRESSEDBYANOVERALL,_HIB.D.
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4

WIREDESIGNGUIDELINESFOREMICONTROL

• BALANCEDWiREPAIRSEFFECTIVEINLMIT_ COMMONMODEI_P ANDBiBSSlONS

BALANCEDf_S CAUSESEOUAL4CLTAGEDROPSONEACHWiRECANCELINGEACHOTHER

• DEGREEOFL_IBAIANCEISCHARACTEFtlZEDBY± & RLWTTHITIEFOLLOWING_ALERT CIRCUIT

RLARL

J l ()P Ae s^ CMRR= 20log VcEA 2
T t

1 ® 7
.i

• FLATCABLE,BASICCHARACTERIS11CRELATIVETO_ ISTHATR AGTSASLOWPASSRLTE&NOTALLOWING

i! CURRENTATHIGHFREOUENCIESANDASSOCIATEDRED_ INMAGNLrRCREIDEMISSIONS

!

i

l

, \\\\\\\\ B. UNBALANCEDTWISTEDI"AIR
o d8 Jt_E_NC_ t_2 dt (; Idll

C. SHIELDGROUNDEDATBOTHENDS

D. TWISTEDPAIR

' ="" ' "" ' "" E. COk,,INTOABALANCEDLOAD

\_\_%_____\_\ F. TWISTEDHALANCEDPAIFI .._G. TWISTEDPAIR
G t._ N ?tdE i _

H. SIMILARTOG

: _, .,_ ,., ,_ _ o,., m,,,=,,,o-_'_,- ,,-, I. TIGHTTWIST

[ RELATIVESUSCEPTIBILITYTOMAGNETICINTERFACE
r
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HIGHFREQUENCYEMISSIONSFROMCABLES

• ATI'I]GHFREQUENCIESSOURCESOFRADIATIONAREDIVIDEDINTO_ BASICTYPES,ELECTRIC
DIF_LEANDMAGNETICDII_LE

• * ELECTRICDIPOLESRAVEHIGHIMP_kNCE,LOWCURRENTS,WHEREMkGNETICDIPOLESHAVELOW
, IMPEDANCE,HIGHCURRENTS

• THELI I:CTRICALDIPOLE_"TRENGTHISPFiOPORTIONALTO'CVL',WHERE'C'ISTHECAPACITANCE
B_THE ELEMB_T.OFDtpoLE,'V"ISTHEVOLTAGEERMNGTHEDIPOLE,ANO'L'ISTHE
DISTANCEBETWEENTHEDIPOLEELEMENTS.

• THEMAGNETICDIPOLESTRENGTHISPROPORTIONALTO'IA',WHERE'r ISTHECURRENTTHROUGH
THEMAGNETICDIPOLEAND'A'ISTHEAREAOFTHEMAGNETICDIPOLELOOP.

REDUO_GTHESTRB'iGTHOFTHEELECTRICDIPOLEISIMPORTANTTOMINIMIZEITSAREA(LENffrH
OFWIRESA]_)THBRSPACING)REDUCINGTHEAREAOFTHEMAGI"TICDIPOLERESULTSIN
REDUGT_ 18EMISSIO_ INADDfflONREDUCINGHIGHFREOUENCYCOMPONENTSOF'V'ARD'1'
REDUCI__ BECAUSEBOTHDIPOLESACC_UATEHIGHFREQUENCY.THEDISTANCEFROM
THEDIPOLEISANOTHERCONTROLPARAMETER.

PULSEFREQUENCYSPECTRA

• DECREASINGHIGHFREQUENCYCOMPONENTSINTHECABLEVOLTAGEBY
INCREASINGPULSERISETIMESORINSTALLINGFILTERSIFTHATISANOPTION

I
p

":_o '_1 Ib/ decade "-'i_ J-'-t . ,'

t f_ f'_ ' -

! DATASIGNAL: Ap= 2_ log(2Ad• 10' ) f_ = 1 / _ d, A- inp V
CLOCKSIGNAL: Ap= 20log(2Ad• 10' ) fc2= 1 / _ t

j T
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ELECTRIC DIPOLE MAGNETICDII:O.E
13.r<< 1

NEARFIELD

H,. O---x F_- e.. E-2

C -V.L ! .A
-_ E,. _ e. o H,- .-,2:-_E-T.r_ e.o

= C.V-L x I._-_ e= xF_, .x_r-_T_.(.P e.-_ y

Ee 1 --_ ,. (o-IJ.r
= 2.x.f.[ r He

_.r>> 1

FARFIELD
_¢'Ia'C'VL 6 ,, x _ e - _

v-r _ _ " v.r 2H, Ill

v-(.r 2" HI.- e. 2

Ee. 120.w _ ,,. 120.t
He He

p - 2._r,_. v - 3.10 8 m/Hc

q

i
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